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PREFACE  TO  THE  THIRD  EDITION.  ^ '  ^ 


I5  tiie  preparation  of  this  edition  so  much  has  been  added, 
and  80  much  modified,  that  to  some  extent  the  book  may  be  con- 
sidered as  a  new  one.  Nevertheless,  the  Editor  has,  as  far  as 
possible,  worked  on  the  plan  laid  down  by  Prof.  Henfrey,  and  ex- 
plained by  him  in  the  following  quotation  from  the  original  Preface. 
Adverting  to  some  remarks  made  by  Sir  Joseph  Hooker  and  Dr. 
Thomson  to  the  effect  that 

**  diaserdce  is  done  to  the  cause  of  Botany  by  occupying  the  attention 
of  students  in  the  first  instance  with  the  abstract  parts  of  the  science," 

Prof.  Henfrey  remarks,  in  terms  as  applicable  now  as  at  the  time 
tbey  were  first  written  (1867),  that 

**  The  largest  dass  of  students  of  Botany  are  those  who  pursue  the 
subject  as  one  included  in  the  prescribed  course  of  medical  education. 
^)ne  short  course  of  Lectures  is  devoted  to  this  science,  and  three  months 
u  commonly  all  the  time  allotted  to  the  teacher  for  laying  the  foundations 
wd  building  the  superstructure  of  a  knowledge  of  Botany  in  the  minds  of 
Jub  fHijdls,  Tery  few  of  whom  come  prepared  even  with  the  most  rudimen- 
tary acquaintance  with  the  sdenoe.  To  direct  the  attention  of  the 
nudeni  to  a  series  of  isolated  facts  and  abstract  propositions  relating  to 
tbe  eknnentary  anatomy  of  plants,  is  to  cause  him  to  chaige  his  memory 
OT  his  note-book  with  materials  in  which  he  can  take  but  little  interest, 
from  hia  incapacity  to  perceive  their  value  or  applications.  Some  of  the 
most  important  questions  of  Physiology  are  as  yet  in  no  very  advanced 
atate,  and  the  conflicting  evidence  on  many  of  these  cannot  be  properly 
appreciated  without  an  extensive  knowledge  of  plants. 
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''  But  if  we  endeayouT  to  seize  the  floating  conceptions  furnished  by 
common  experience,  and  to  fix  and  define  them  bj  a  course  of  exact 
practical  observation  of  the  more  accessible  characters  of  plants  (showing 
the  relations  of  these  as  they  occur  in  different  divisions  of  the  Vegetable 
Kingdom),  we  place  the  student  in  a  position  which  enables  him  to  pro- 
ceed  at  once  with  an  inquiry  into  the  peculiarities  of  the  plants  he 
meets  with,  and  in  this  way  to  acquire  a  fund  of  practical  knowledge, 
which  is  not  only  absolutely  requisite  before  entering  on  abstract  in- 
quiries, but  is  especially  calculated  to  secure  his  permanent  interest  in  the 
study. 

^  Physiology  is  undoubtedly  of  the  highest  importance,  and  from  its 
nature  is  that  part  of  the  Science  which,  were  it  not  for  the  above  difR- 
culties,  would  with  most  advantage  be  taught  by  Lectures.  If  the 
previous  education  of  medical  students  prepared  them,  as  it  should,  with 
an  elementary  knowledge  of  the  Natural  Sciences,  we  should  make 
Physiology  the  most  conspicuous  feature  of  a  course  of  Botany  in  a 
Medical  School.  In  the  mean  time  we  subordinate  it  to  the  other  branches 
in  practical  teaching,  and  in  this  volume  have  dealt  with  it  in  what  we 
regard  as  its  proper  place  in  the  order  of  study." 

Since  these  remarks  were  written,  and  owing  in  part  to  the 
advances  made  in  the  Science  of  Vegetable  Physiology,  the  subject 
has  received  more  attention  in  this  country,  while  at  the  University 
Examinations  greater  stress  than  heretofore  is  laid  upon  it.  How- 
ever desirable  in  one  sense  this  may  be,  it  is  at  present  objection- 
able, because  few  or  no  means  are  open  to  the  average  student  of 
making  himself  practically  familiar  with  Experimental  Physiology- 
Moreover,  the  skill  in  manipulation  and  microscopical  observation 
required  for  anatomical  or  physiological  investigations  cannot 
possibly  be  acquired  in  the  few  months  devoted  to  the  subject 
by  the  majority  of  students  and  candidates  for  examination  in  the 
Scientific  and  Medical  Faculties.  Sooner  or  later  these  defects 
in  the  practical  teaching  of  Physiology  will  doubtless  be  remedied. 
In  the  mean  time,  practical  tuition  in  Morphology  and  the  rudi- 
ments of  Classification  appears  to  be  the  best  and  most  ready 
method  of  training  a  student  to  observe,  to  reflect,  and  to  classify. 
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By  its  means  also  the  evil  effects  of  the  system  of  loading  the 
aiemoiT  with  secondband  information — of  no  use  whatever  outside 
the  vails  of  the  examination-room,  and  indeed  of  but  little  service 
in  the  practical  examinations  (now  happily  instituted  at  the  Uni- 
Tereity  of  London  and  elsewhere)— may  be  avoided. 

In  the  present  edition  the  additions  to  the  Morphological  chap-* 
M^  have  been  chiefly  taken  from  the  writings  of  Braun,  Baillon, 
Gchler,  Warming,  Van  Tieghem,  and  others.  In  this  department 
tW  Editor  has  also  to  acknowledge  the  valuable  assistance  ren- 
Gired  him  by  the  Bev.  George  Henslow,  particularly  in  the  sections 
relating  to  phyllotaxis  and  estivation. 

In  the  arrangement  of  the  Natural  Orders  the  plan  adopted  by 
Bentham  and  Hooker  in  their  invaluable  '  Genera  Plantar um '  has 
been  followed  so  far  as  that  work  extends. 

The  account  of  the  Cryptogamia  has  been  revised,  and  that  con- 
eeming  the  Fungi  written  afresh  by  Mr.  GJeorge  Murray,  of  the 
Botanical  Department  of  the  British  Museum,  to  whom  the  Editor 
voold  here  offer  his  cordial  acknowledgments. 

The  Physiological  Section  has  been  mostly  rewritten,  and  much 
bas  been  added  to  it.  Use  has  been  made  of  Sachs'  '  Handbuch 
der  Experimental  Physiologic  der  Pflanzen';  of  the  English  and 
French  translations  of  the  '  Lehrbuch,'  of  the  same  author — the 
former  published  under  the  superintendence  of  Messrs.  Bennett 
md  Thiselton  Dyer,  the  latter  under  that  of  M.  Van  Tieghem, 
vhose  version  is  enriched  with  numerous  original  notes.  In 
addition,  the  Editor  has  availed  himself  of  Duchartre's  '  £l^ments 
de  Botaniqae,'  Deh^rain's  '  Cours  de  Chimie  Agricole,'  and  more 
especially  of  numerous  recent  original  memoirs  published  by  Bous- 
Aiugaolt,  Darwin,  Tr^cul,  Pfeffer,  Janczewski,  Corenwinder,  Van 
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Tieghem,  Strasburger,  Lawes  and  Gilbert,  McNab,  Yesquo,  Eau- 
wenhoff,  Wanning,  and  many  others  whom  it  is  noc  possible  to 
specify  in  a  work  of  this  character. 

Comparatively  few  alterations  have  been  made  to  the  chapters 
on  Geographical  and  Geological  Botany,  which,  for  their  effective 
treatment,  would  require  another  volume.  The  additions  in  these 
subjects  have  been  chiefly  derived  from  the  writings  of  Hooker, 
Grisebaoh,  Tchihatchef,  Williamson,  Cr^pin,  and  Carruthers. 

Some  additional  woodcuts  have  been  supplied,  whose  source  is 

acknowledged  in  the  text. 

M.  T.  M. 

March  1878. 
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BOTANY. 


GENEKAL  IJITRODUCTION. 

Sect,  1.  OBJECTS  JlNB  SUBDIVISIONS  OF  THE  SCIENCE. 

iiOTANT  is  that  department  of  Natural  Science  which  deals  with 
Plants,  their  conformation,  life-history,  relations  one  to  another 
and  to  the  universe  of  which  they  form  a  part.  No  absolute  dis- 
tinction can  be  drawn  between  plants  and  animals. 

At  the  outset  we  must  be  content  with  the  conception  of  a  plant  as  fur- 
aiehed  by  the  prerious  experience  of  the  student ;  this  will  oe  enlarc;ed 
tad  at  the  same  time  rendered  clearer  by  the  study  of  the  followmg 
pages ;  and,  after  the  more  important  ])rinciple8  of  physiology  have  been 
expounded,  a  clearer  notion  of  the  relation  oi  plants  to  other  hving  bdngs 
as  well  as  to  unorganised  or  mineral  substances  may  be  obtained. 

Botany  is  divisible  into  two  principal  departments : — the  Natural 
History  of  Plants,  which  deals  with  the  characteristic  phenomena 
presented  by  the  individual  kinds  of  plants;  and  Philosophieal 
Botany^  the  object  of  which  is  to  ascertain  the  general  facts  and  laws 
whidi  pertain  to  more  or  less  considerable  assemblages  of  plants. 

Philosophical  Botany  represents  the  pure  science ;  and  it  is  with  the 
departments  of  this  we  have  chiefly  to  do  in  this  work.  The  Natural 
Uistory  of  Plants,  which  in  early  times  constituted  the  whole  science, 
resolves  itself,  at  tne  present  time,  into  a  number  of  distinct  branches  of 
AppUed  or  PracUeal  Botany. 

Philosophical  Botany  includes  the  following  departments  : — 
L  Morphology^  or  the  Comparative  Anatomy  of  plants,  consisting 

of  the  study  of  the  outward  forms  of  the  diverse  parts  of  plants. 
XL  EUmentary  or  Philosophical  Anatomy:    the  study  of  the 

tissoes  of  which  plants  are  composed,  and  the  intimate  structure 

of  their  sereral  parts. 
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With  these  two  is  conveniently  associated  the  Terminology^  or 
technical  language  of  Botany. 

III.  Physwlogy :  the  study  of  vital  phenomena,  or  of  those  pro- 
cesses and  actions  performed  by  the  living  plant,  including  those 
specially  charactenstic  of  plants,  and  also  those  which  are  com- 
mon to  the  animal  kingdom,  as  well  as  the  consideration  of  the 
general  physical  agencies  pertaining  to  the  mineral  kingdom  equally 
with  the  two  others. 

IV.  Classification^  which  is  the  study  of  the  mode  of  arranging 
the  kinds  of  plants  in  groups  and  series  of  groups  either  ***  artifi- 
cially,'' when  convenience  and  facility  of  study  are  the  chief  aims, 
or  according  to  their  supposed  lineage  and  kinship,  and  thus  to  ex- 
press in  an  abstract  form  their  mutual  relations  and  their  degrees 
of  perfection  in  organization.  This  department  includes  the 
Principles  of  Descriptive  Botany  and  of  the  Nomenclature  of  kinds 
and  classes  of  plants. 

Applied  Botany  is  divisible  into  many  departments.  That  most 
closely  connected  with  Philosophical  Botany  is  Descriptive  Botany^ 
which  is  the  art  of  describing  the  particular  kinds  of  plants  in 
technical  language,  in  such  a  manner  that  they  may  be  readily  re- 
cognized by  botanists.  Special  works  are  commonly  devoted  to 
this  branch,  and  are  very  commonly  confined  to  the  plants  of  a 
limited  area,  as  a  particular  country  or  even  province ;  such  books 
are  called  Floras,  Pharmaceutical  Botany  treats  of  the  medicinal, 
nutritious,  or  poisonous  properties  of  plants.  Vegetables  posses- 
sing such  properties  are  generally  included  under  the  head  of 
Materia  Medica,  to  which  subject  special  treatises  are  also  devoted. 
AgricuUuraly  Horticultural^  and  Economic  Botany  are  often  treated 
as  distinct  subjects  :  the  first  two  are  founded  on  the  application 
of  the  principles  of  Physiological  Botany ;  the  last  on  the  ascer- 
tained &cts  of  Comparative  and  Elementary  Anatomy,  and  on  the 
combination  of  these  facts  with  chemical  and  mechanical  knowledge. 

None  of  tRese  departments  of  Applied  Botany  receive  separate  treat- 
ment in  this  work,  although  incidental  reference  is  made  to  them  to 
indicate  the  application  of  the  laws  and  fiEicts  of  Philosophical  Botany 
to  them. 

Botanical  Geography  and  Botanical  Geology  (or  PdUeowtoloyy) 
are  mixed  studies,  founded  on  the  association  of  the  results  of  pure 
and  of  applied  Botany  u  ith  those  of  other  sciences :  the  first  is  re- 
lated most  closely  to  Physiological  Botany,  but  has  some  problems 
sui  generis^  to  be  solved  only  by  independent  facts  and  observsr- 
tions;  the  second  has  some  very  interesting  relations  with  the 
Scientific  Classification  of  plants.  These  two  departments,  as 
applications  of  the  science,  have  a  peculiar  philosophical  interest, 
but  can  only  be  very  briefly  alluded  to  in  this  volume. 
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In  the  present  work,  the  different  departments  are  treated  of  in 
tlie  following  order : — 

Part  1.  Mo&PHOLOGT,  or  Compabativb  Anatomy  oi?  Plaistts. 
2.  Stbtematio  Botaht.  3.  Physiology,  including  Physioloqical 
AsTATOicY.    4»  GsoaBAPHiCAL  and  Geological  Botany, 

&cr.  2.  METHODS  AND  MEANS  USED  IN  THE  STUDY 

OF  BOTANY. 


itioiL  of  Hants. — The  study  of  the  morphology  of  plants, 
to  whidi  the  first  Part  of  this  volume  is  devoted,  necessitates  little 
more  than  a  supply  of  fresh  specimens,  a  penknife,  two  or  more 
needles  mounted  in  handles,  and  a  pocket  magnifying-glass  of 
moderate  power.     One  of  the  needles  should  be  of  the  ordinary 
form,  and  others  with  a  flat   top  with  a  cutting-edge  like  a 
hai«-lip  pin.    Boots,  stems,  and  leaves  require  little  or  no  prepara- 
tion ;  and  the  dissection  of  most  flowers  is  a  very  simple  operation. 
The  majority  of  the  characters  of  many  flowers  may  be  observed  by 
iimply  removing  successively  the  parts  with  a  penknife,  and  by 
eiamiTiing  them  in  perpendicular  and  cross  slices.    In  any  case  care 
should  be  taken  to  detach  and  observe  the  parts  in  regular  order, 
10  as  to  ensure  an  accurate  knowledge  of  the  way  in  which  the 
different  parts  are  arranged.      Perpendicular  sections  of  entire 
flowers  made  through  the  centre  and  from  below  upwards  are  very 
instmctive ;  and  horizontal  sections  through  unopened  buds,  both 
of  leares  and  flowers,  are  likewise  necessary  for  the  examination  of 
tiie  relative  position  of  the  organs  and  of  the  way  in  which  they 
are  packed.     When  flowers  are  extremely  minute,  and  also  for  the 
iavesdgation  of  the  structure  of  ovules  and  seeds,  a  pocket-lens 
moonted  on  an  upright  bar,  or  a  simple  microscope,  becomes  requisite. 
Tlie  latter  instrument  consists  essentially  of  a  stand,  provided  with 
a  movable  arm  supporting  a  maffuifying-glass  over  a  stage  upon 
whidi  the  object  is  laid,  so  that  both  hands  may  be  at  liberty  for 
its  dissection.     The  stage  is  an  open  frame,  upon  which  a  slip  of 
glass  rests;  and  the  object  to  be  examined,  lyin^  on  the  glass 
slip,  may  be  illuminated  by  a  small  mirror  beneath  sending  light 
through  it,  or,  if  required,  by  a  oondensing-lens  at  the  side  bring- 
ing a  bright  spot  of  converging  rays  upon  it.     The  dissection  is 
effected  with  a  fine  dissecting  soilpel  and  needles.    By  their  means 
the  parts  of  the  flower  can  be  separated  one  from  another  so  as  to 
show  their  numbers,  form,  combination,  and  position  with  regard 
one  to  another  * 

In  pormnng  the  study  of  Systematic  Botany,  the  same  means 
$xe  used,  the  only  difference  being  that  the  investigation  of  each 
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flower  18  carried  out  in  detail,  and  in  comparison  \^  ith  others,  so 
as  to  ascertain  all  its  characters,  with  a  view  to  determine  its 
special  peculiarities  and  its  relations  to  other  plants.  It  is  a  veiy 
useful  and  improving  exercise  for  the  student  to  make  drawings, 
however  rough,  of  what  he  sees,  to  make  a  thorough  examina- 
tion, and  to  write  down  in  full  the  appearances  of  the  plants  he 
meets  with,  before  searching  in  books  for  their  names,  and  also  to 
do  the  same  with  known  plants,  and  then  to  compare  the  characters 
thus  drawn  up  with  those  given  in  authentic  works.  Further  in- 
struction as  to  the  mode  of  describing  plants  and  the  use  of 
schedules  as  required  in  most  examinations  is  given  in  the  section 
devoted  to  the  description  of  plants. 

To  those  who  follow  out  Systematic  Botany  in  detail,  and  wish 
to  gain  acquaintance  with  the  species  of  plants,  it  becomes  neceo- 
sary  to  have  access  to  a  Herbarium — ^that  is,  a  collection  of  plants 
so  dried  that  the  specific  characters,  at  least,  are  preserved.  In 
many  cases,  if  the  drying  has  been  carefully  effected,  the  generic 
characters  may  be  ascertained  by  soaking  the  flowers  in  boiling 
wat'Cr,  when  they  become  softened  and  the  parts  separable,  like 
tea-leaves  after  infusion.  Herbaria  furnish  materials  for  the  com- 
parison of  plants,  as  it  is  seldom  that  a  number  of  species  of  one 
genus  can  be  obtained  either  wild  or  in  gardens  in  a  fresh  state  at 
one  time.  Persons  living  in  the  country,  and  studjring  the  British 
plants,  will  find  it  indispensable  to  form  a  collection  of  dried 
specimens. 

How  to  dry  Plants. — Plants  are  dried  by  laying  them  oat 
smoothly  when  fresh  between  several  folds  of  paper  (either  stout 
blotting-paper,  or,  still  better,  what  is  called  "Botanical  paper," 
made  for  the  purpose),  and  submitting  them  to  pressure  by  means 
of  weights  laid  on  a  board.  The  damp  paper  must  be  frequently- 
replaced  by  dry  sheets ;  and  when  the  plants  are  quite  dry,  they  may 
be  fixed  to  half -sheets  of  white  paper,  with  a  little  thin  glue,  or  by 
simply  attaching  them  by  bands  of  gummed  paper,  or  by  stitching. 
The  best  kind  of  paper  is  stout  white  cartridge,  of  demy  sise; 
some  prefer  a  stout  writing-paper,  rather  smaller,  of  the  same  size 
as  lawyer's  "  draft  "-paper.  Only  one  species  should  be  placed 
upon  one  half-sheet;  the  name  should  be  written  on  the  lower 
left-hand  comer.  The  half -sheets  containing  the  species  of  a  genus 
may  be  placed  in  a  sheet  of  the  same  paper,  the  name  of  the  genus 
being  written  outside,  likewise  at  the  left-hand  bottom  comer. 
These  sheets  may  be  kept  in  drawers  or  in  pigeon-holes  of  a  cabinet, 
or  may  be  tied  up  in  bimdles,  between  covers  of  stout  pasteboard. 
It  is  advisable  to  poison  the  dried  plants  with  a  solution  of  corrosive 
sublimate  in  spirits  of  wine,  as  some  of  them  are  very  liable  to  be 
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devoured  hj  insects  of  Yarions  kinds  *.  Plants  preserved  in  her- 
buia,  especially  if  rare  or  local  species,  should  always  have  the 
time  and  place  where  they  have  been  gathered  carefully  noted. 

Anatomical  Study. — The  study  of  the  Elementary  Anatomy  and 
tbe  Physiology  of  Plants  opens  up  a  far  more  extensive  field  for  the 
employment  of  instruments  ana  technical  manipulations.  First 
of  all  a  compound  microscope  is  an  essential.  For  the  student, 
magnifying-powers  of  l>inch,  ^-inch,  and  |-inch  are  amply  suffi- 
cient, although  the  more  abstruse  questions  require  the  most  per- 
feet  and  powerful  instruments  that  can  be  obtained.  For  general 
itndents*  use  the  binocular  microscope  has  no  advantage  over  the 
ofdinary  instrument. 

Tbe  tiasues  of  plants  are  observed  for  the  most  part  by  means 
of  extremely  thin  slices  passing  in  various  directions  through  the 
ftroctuiea.  These  are  usually  best  made  with  a  razor.  Stems, 
ineees  of  wood,  and  other  fim  objects,  when  being  cut,  may  be 
held  in  the  finger  and  thumb  of  the  left  hand ;  delicate  and  thin 
structures,  like  leaves  &c.,  should  be  placed  between  the  two  halves 
of  a  spMt  cork,  or  roUed  round  the  edge  of  a  cork,  and  the  cork 
•oppoited  by  sticking  it  in  the  neck  of  a  rial  or  test-tube,  which 
serves  as  a  handle.  ISeeds  and  similar  small  objects  may  be  fixed, 
for  slicing,  on  a  piece  of  white  wax.  Where  it  is  not  imperative 
to  examine  the  tissues  m  situ^  small  portions  may  be  softened  by 
boihng  in  water. 

Sometimes  it  is  useful  to  obtain  preparations  by  macerating  the 
softer  tissues,  either  in  water  or  weak  adds.  In  the  case  of  woody 
itnictiaefl  recourse  may  be  had  to  an  operation  which  requires  a 
little  care :  a  fragment  of  the  wood  should  be  placed  in  a  watch- 
gliss  with  a  morsel  of  potassic  chlorate,  to  which  a  drop  or  two  of 
nitric  add  is  added  by  means  of  a  glass  rod,  the  whole  being  gently 
heated  for  a  minute  or  two,  and  water  being  poured  on  to  prevent 
complete  ac^ution.  The  fragments  macerat^  in  any  of  these  ways 
being  placed  on  a  slip  of  glass  beneath  the  simple  microscope,  the 
elementary  organs  may  be  picked  out  with  a  needle  or  extremely 
fine  cameUhair  pencil,  under  a  simple  lens  of  j|-  or  |-inch  focus, 
Ukd  removed  to  a  dean  slide. 

The  tMn  slices,  or  the  fragments  of  macerated  tissues,  should 
be  laid  upon  a  slip  of  glass,  a  drop  of  water  added^  and  a  thin 
g^s  cover  laid  on.  They  may  then  be  examined  under  the  com* 
pound  microscope.  Objects  of  microscopic  dimensions,  such  as 
mmote  Algs,  Fungi,  poUen-grains,  <&<;.,  require  no  preparation. 

*  The  mixture  in  um  at  the  Kew  herbarium  oonnsts  of  oorrosiye  sublimate 
one  ooDOe,  carbolic  acid  one  ounce,  methylated  spirit  two  pints ;  mix.  It  must 
be  used  with  great  care,  owing  to  its  poisonous  qualities. 
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To  render  tissues  transparent  they  may  be  soaked  in  a  dilute 
solution  of  caustic  potash  for  a  few  minutes.  If  by  this  means 
made  too  transparent,  the  tissue  should  be  immersed  in  a  dilute 
solution  of  alum  or  of  hydrochloric  acid. 

It  is  very  instructive  to  apply  chemical  reagents  of  various  kinds 
to  the  objects  lying  in  water  upon  the  microscopic  slide.  Dilute 
sulphuric  acid  is  often  useful  to  coagulate  protoplasmic  structures 
ana  to  clear  delicate  tissues ;  when  this  is  added  first,  and  after- 
wards solution  of  iodine,  the  younger  cellular  structures  turn  blue, 
while  the  older  ones  become  deep  yellow.  Iodine  alone  colours 
starch-grains  blue.  Sugar  and  nitric  acid  colour  the  protoplasmic 
structures  red.  These  reagents  may  be  applied  by  means  of 
dropping  from  a  glass  rod  or  fine  tube.  It  is  often  advantageous 
to  soak  the  sections  for  some  hours  in  a  solution  of  pure  carmine 
in  ammonia  diluted  with  water.  The  nuclei  and  cell-contents 
become  tinged  with  the  carmine,  and  can  thus  be  more  readily 
distinguished  from  the  cell-wall.  More  particular  reference  will 
be  made  to  them  in  the  chapters  on  Anatomy.  Microscopic  pre- 
parations of  soft  vegetable  structures  are  best  preserved  in 
glycerine  or  strong  solution  of  calcium  chloride.  8ome  objects 
are  advantageously  mounted  in  Canada  balsam ;  these  must  be  well 
dried  first,  and,  for  a  few  days  previously  to  mounting,  should  be 
soaked  in  spirits  of  turpentine.  Those  who  desire  to  obtain 
minute  instnictions  on  the  manipulations  necessary  for  the  study 
of  Vegetable  Anatomy,  may  consult  Schacht's  *  Microscope,'  trans- 
lated by  Currer,  or  the  articles  on  these  subjects  in  the  '  Micro- 
graphic  Dictionary.' 

In  physiological  investigation  various  pieces  of  philosophical  ap- 

Earatus  are  requisite.  It  is  also  often  necessary  in  studying  the 
fe-history  of  plants,  especially  the  lower  ones,  to  grow  them  under 
different  conditions  and  to  watch  them  in  their  several  stages* 
For  these  purposes  special  appliances  and  chemical  solutions  are 
needed. 

Lastly  the  student  must  remember  that  Botany  is  not  an  "  exact" 
science.  Barely,  if  ever,  can  a  definition  be  framed  in  any  branch  of 
natural  history  which  is  not  subject  to  frequent  and  considerable 
exception.  These  exceptions  arise  from  the  natural  variations 
which  occur  in  all  living  organisms,  either  in  accordance  with 
existing  circumstances  or  as  hereditary  tendencies.  Again,  it  must 
be  borne  in  mind  that  Botany  is  a  progressive  science,  and  there- 
fore that  the  language  and  terminology  in  general  use  is  not 
always  strictly  accurate  according  to  the  most  advanced  state  of 
science ;  hence  many  of  the  terms  have  to  be  taken  in  an  arbitrary 
or  in  a  conventional  sense. 
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GENERAL  MORPHOLOGY, 


Seaerai  Bemarlcs. — The  functions  of  plants  being  comparatively 
simple,  and,  to  speak  in  general  terms,  limited  to  those  of  nutrition 
aod  reproduction,  the  physiological  classes  of  organs  are  few.  The 
immeDse  diversity  which  presents  itself  in  the  Tegetable  Kingdom 
depends  chiefly  upon  varieties  in  the  form  of  organs  peltforming 
similar  functions.  Li  addition  to  this,  the  organs  of  plants  are 
displayed  externally,  not  enclosed  in  cavities  or  surrounded  by  an 
integument  or  shell  like  that  of  animals,  so  that  the  external  forms 
of  planta  furnish  a  guide  to  the  discrimination  of  their  most 
essential  characters. 

Pknts  are  destitute  of  the  nervous  system  and  the  organs  subservient  to 
it,  tnd  are  without  the  comiected  system  of  blood-vessels,  by  which,  in 
the  majority  of  animals,  the  unity  and  interdependence  of  the  nutritive 
processes  are  maintained.  Plants  consist  simjply  of  oigans  of  absor{)tion, 
•asimiladon,  respiration,  and  reproduction,  allcomposed  of  comparatively 
uniform  elementazy  tissues,  and  supported  by  a  sobd  framework  or  skele- 
ton, which  is  more  strikingly  developed  according  to  the  number  of  organs 
ttBodated  in  one  community,  and  more  diverse  in  its  mode  of  construction, 
iccording  to  the  variety  and  complexity  of  the  physiological  kinds  of  organs. 

The  organs  of  plants  are  not  only  of  few  physiological  kinds,  but 
their  variations  in  form  depend  on  secondary  moditications  of  a 
very  few  fundamentally  diverse  elements.  The  object  of  Vegetable 
Morphology  ia  to  ascertain  what  these  elements  are,  and  to  trace 
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out  the  lawe  under  which  they  acquire  the  different  forms  whidi 
they  preoent  in  fully  developed  plants. 

The  metboda  of  Morphology  coudat  in  tlie  compuntive  study  of  the 
forms  of  OTf;iuu  tbrougnout  extenaive  wrjes  of  plnnta,  tbe  study  of  mal- 
formatdons  arisiiig  from  arrested,  excesBive,  or  perverted  growth  (Urato- 
lam),  and  the  study  of  the  progresaiTe  developmutit  of  plimts  from  their 
embryonic  forma  {organogtny), 

Simpleat  Plants. — Tbe  simplest  plants  (Hg.  I)  consist  of  solituy 
eeili  or  bladders  of  membrane  containing  a  riscid  fluid  caUed 
protopla»m,  in  which  latter  the  vitality  of  the  plant  is  concentrated. 
By  the  aggregattou  of  such  ceilu  into  threade,  tubes,  plates,  spheres, 

Fiff.I. 


and  other  forms  (fig.  1,  A,  B,  C,  S),  a  gradually  increasi]^  com- 
plexity is  brought  about. 

Higher  Flantt. — What  are  called  the  higher  classes  of  plants, 
those  most  familar  to  uninstructed  persona,  are  con8truct«d  of  pre- 
cisely tbe  same  elements,  but  exhibit  the  greatest  morphological 
complexity.    The  higbest  class  of  plants  have  conspicuous  flowers, 
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tt  in  s  Toee  or  a  tulip,  and  in  their  fruit  or  seed-vessel  are  one  or 
mm  uedg — hence  the  name  Phanerogamia,  or  Flowering  Plants. 
The  eomplexity  of  their  stmcture  arises  not  from  the  number  of 
tke  oqgans,  hut  from  the  more  clearlj  defined  limitation  of  the 
wioaa  physiological  functions  to  the  different  organs,  which  are 
thus  more  iipe<nalised.  At  the  same  time  the  organs  are,  ana- 
tofliicallj  speaking,  more  intimately  combined  together  into  a  con- 
nected whole,  and  the  reproductive  powers  are  more  individualized 
■ad  ooacentrated  at  particular  centres. 

The  foregoing  may  be  comprehended  by  contrasting  any  ordinary 
Fldwering  pUmt,  havrnfi:  distinct  blossoms  and  seed-bearing  fruit,  with  a 
Fan,  where  the  fruit  is  borne  upon  leaves  generally  of  the  usual  character, 
mti  again  with  a  Seaweed  or  a  Lichen,  in  which  there  is  not  even  any 
£itinet  sepaimtion  between  stem  and  leaf-fltructures,  and  wherein  no  leaf* 
badsexist. 

In  Flowering  plants  we  rradUy  distinguish,  in  aU  stages  of  life 
bevond  the  very  earliest,  two  distinct  kinds  of  growth,  vis.  a  stem 
or  axis,  from  the  sides  of  which  proceed  lateral  organs,  of  various, 
but  always  definite  kinds  and  forms,  such  as  leaves,  &e,,  which 
become  what  are  called  its  appendages.  In  Seaweeds,  Lichens,  and 
Fmigi  there  is  no  really  similar  diversity  of  parts :  the  axis  alone 
is  represented,  alvrays  devoid  of  leaf-buds,  and  therefore  of  proper 
app»idicular  organs,  the  axis  itself  assuming  most  varied  forms, 
often  more  or  less  approaching  those  of  true  leaves,  but  never  exhi- 
biting a  distinct  separation  into  two  kinds  of  vegetable  structure 
such  as  characterizes  the  higher  phmts.  A  distinctive  name  is  given 
to  tiwt  daas  of  axes  which  exist  without  appendicular  vegetative 
organs.  Such  products  as  the  leaf-like  expansion  of  Seaweeds,  the 
■cale-tike  plates  or  crusts  of  Lichens,  or  the  flocculent  '*  spawn  "  of 
Fongi,  performing  at  once  the  functions  of  stem  and  root  and  leaf, 
represent  what  is  technioally  termed  a  thaUus  (fig.  1).  Plants 
chaiactmsed  by  the  possession  of  this  kind  of  vegetative  structure 
ire  called  Thallophytes,  and  are  contrasted  with  all  the  higher 
plantn  exhibiting  the  coexistence  of  stem  and  leaf,  which  are  called 
Axophytes  or  C^rmophytes  (from  cormus,  a  stem). 

But  the  Cormophytes  are  again  distinguishable  into  two  very 
welUmarked  groups,  by  the  characters  of  the  reproductive  organs, 
which,  moreover,  connect  the  lower  of  the  two  groups  with  the 
ThaQophytes.  The  Thallophjrtes  and  the  lower  Cormophytes  (in- 
doding  Mosses,  Ferns,  and  allied  classes)  are  reproduced  by  spores, 
simple  structures  performing  the  office  of  a  seed,  but  in  which  no 
tmfiyo  or  rudimentary  plant  exists  at  the  period  when  they  are  thrown 
off  fay  the  parent,  llie  higher  Cormophytes  are  reproduced  by  true 
tetdsy  wbidi  are  far  more  highly  organized  bodies  than  spores,  and 
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which  Are  especially  characterized  by  the  presence  of  an  embryo^  or 
rudimentary  plant,  which  is  developed  within  them  while  the  seed 
is  still  contained  in  the  parent  fruit.  The  latter  division  also  is 
characterized  by  the  possession  of  flowers,  while  the  spore-bearings 
Cormophytes  are  Powerless,  like  the  Thallophytes. 

By  far  the  greater  portion  of  the  plants  useful  to  man  belong  to 
the  Phanerogamous  division ;  and  this  includes  also  the  most  con- 
spicuous and  familiar  forms  of  vegetation,  those  most  easy  to  pro- 
cure and  most  easy  to  study.  Hence  it  is  desirable  that  the 
Flowering  plants  should  occupy  a  principal  place  in  an  elementary 
work,  and,  moreover,  that  they  should  be  examined  in  the  first 
instance,  before  the  student  is  led  into  the  study  of  the  mare 
obscure  and  minute  characters  of  the  Cryptogamia,  But  the  study 
of  Cryptogamous  plants  is  quite  indispensable  to  the  physiologist  ; 
while  it  forms  a  most  interesting  department  of  the  morphology  of 
plants.  It  will  be  found  most  convenient,  however,  to  defer  the 
study  of  the  Cryptogamia  till  after  a  general  acquaintance  has  been 
obtained  of  Flowering  plants. 


CHAPTER  II. 

MORPHOLOGY  OF  THE  PHANEROGAMIA. 

Sect.  1.  General  Observations. 

General  Construction  of  Flowering  Plants. — In  any  ordinary 
Flowering  plant  we  may  readily  recognize  some  of  the  most  impor- 
tant characters  of  the  organueation.  Taking  the  plant  as  a  whole^ 
we  find  a  sttm^  furnished  below  with  roots  to  fix  it  in  the  ground 
and  absorb  nourishment,  and  clothed  above  with  green  leaves,  which 
are  known  to  be  the  organs  of  respiration  and  digestion.  Taken 
together  these  constitute  the  system  of  vegetative  orgcms,  more  or 
less  complicated  in  their  development  and  arrangement  in  different 
cases,  and  concerned  in  the  nutrition  and  enlargement  of  the  indi-* 
vidufd  plant  (in  the  familiar  sense  of  that  term).  At  certain 
seasons  we  find,  superadded  to  the  foregoing,  a  system  of  organs 
constituting  the  inflorescence,  and  consisting  of  the  reproductive 
organs,  provided  for  the  production  of  seeds  (the  *^  eggs,"  as  it  were, 
of  plants),  from  which  new  independent  individuab  may  be  nused* 
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Fig.  2. 


The  injioreteenu  consiste  of  one  or  more  Jlowers,  which,  fts  will  be 
diown  hereafter,  are  composed  of  various  kinds  of  peculiarly 
modified  foliar  appendages,  or  phyllomes^  more  or  less  blended 
together  into  compound  organs.  Por  our  present  purpose  it  will 
sujfice  to  describe  the  general  and  essential  characters  of  the  parts 
found  in  true  flowers. 

The  outer  covering  of  complete  flowers  consists  of  a  circle  o£ 
leaf-like  organs,  most  frequently  of  green 
co!oar,  and  often  forming  a  kind  of  cup ; 
tus  cup  or  circle  of  leaf -like  organs  is  called 
tfce  raly.v,  and  its  component  parts  are  the 
$^ptda.  Within  the  calyx  of  complete  flowers 
«e  find  one  or  more  circles  of  ordinarily  larger, 
bat  more  delicate,  and  generally  brightly 
coloured  leaves;  these  are  likewise  united 
togetlier  below  in  many  flowers:  they  form 
coUectively  the  corolla,  and  the  individual 
parts  are  called  j[>«ta2«. 

Examples  of  the  above  mav  he  found  in  the 
Heartsease,  the  Wallflower,  tne  IMmrose,  &c.. 
vhere  there  exist  a  green  calyx  and  a  colourea 
oufolla.  In  the  Tulip  the  outer  parts  of  the 
^jwer  consist  of  six  similarly  coloured  oi^rans, 
wwmhling^  ordinary  petals;  while  in  the  Dock 
tbev  are  nx  greenish  sepal-like  organs.  A  close 
ezanunatioii  shows,  however,  that  both  kinds  of 
oTgans  stand  in  two  circles  of  three,  one  within 
tiie  other:  hence  many  authors  regard  them  as 
1  CPU  w.n  ting  a  calyx  and  corolla  of  like  structure. 
Other  auUiors  give  the  double  circle  the  collective 
oama  of  periarUh  atperigone. 

The  calyx  and  corolla  have  no  essential  share  in  the  production 
of  the  seeds ;  they  merely  surround  and  protect  the  more  important 
organs,  either  temporarily,  or  as  entering  more  or  less  into  the 
composition  of  the  fruit,  and  sometimes  they  serve  to  attract  and 
retam  the  insects  by  whose  agency  the  flower  is  fertilized  and  the 
seed  formed.  The  collective  term  floral  envelopes  is  commonly 
applied  to  the  calyx  and  corolla  taken  together ;  and  either  one  or 
both  of  these  may  be  absent  in  flowers  which  are  nevertheless  per^ 
fectly  capable  of  producing  seeds* 

Within  the  petals  is  placed  theandroecium,  consisting  of  thegtameM, 
or  male  organs  of  flowers.  Each  stamen  consists  of  more  or  less 
club-shaped  bodies  called  antherB,  usually  supported  upon  thread- 
like stalks  caOed /^laments.    The  essential  character  of  an  anther 


D'mgnm  illmtratfoff  the 
oomposifcion  of  a  flower, 
of  four  circles  of  orjpuu — 
■epals  below,  followed  by 
petola,  ■fcameDB,  and  oar- 
peli,  all  arioiog  from  a 
prolonged  axis  or  thala- 
mna. 
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ifl  that  it  oontams,  and  ultimately  discharges,  the  fine  du8ir->like 
sperm-cells  or  fertilizing  globules  called  poUen, 

The  centre  of  the  flower  is  occupied  by  the  gifnceciwn  or  pistil^ 
the  female  or  seed-bearing  part  of  the  flower.  Pistils  axe  formed 
of  foliar  organs  corresponding  to  sepals,  petals,  and  stamens,  and 
called  carpels ;  but  these  are  not  always  so  readily  distingaishable, 
on  account  of  their  varying  number  and  degree  of  union,  conse- 
quent upon  their  being  crowded  at  the  apex  of  the  flower-stalk. 
The  distinguishing  character  of  a  carpel  is  that  it  bears  ovules  or 
rudimentary  seeds  containing  germ-cells. 

As  the  stamens  furnish  the  pollen  by  which  the  germ-cells  ore 
rendered  fertile,  the  two  sets  of  organs,  stamens  and  carpels,  are 
considered  essenticU  organs  of  flowers,  without  which  the  purpose 
of  the  whole  structure  could  not  be  performed. 

In  some  flowers,  such  as  those  of  the  Hydrangea  and  the  Snowhall-bu^h 

i Viburnum  Opulus),  there  is  a  tendency  in  cultivation  to  the  abortion  of 
le  stamens  and  pistils;  so  that  the  flowers  become  nmUer,  or  totally 
barren.  But  in  many  plants  it  is  the  natural  condition  for  Ihe  stamens 
to  occur  in  distinct  flowers  from  the  pistils,  so  that  the  individual  floweia 
are  imperfect,  male  or  femfde :  we  nave  examples  of  this  in  the  plants 
of  the  Cucumber  family,  and  also  in  most  of  our  native  forest-trees,  such 
as  the  Oak,  Beech,  Hazel,  or  even  on  entirely  difiEerent  plants^  as  in  the 
Willow  and  Poplar^  &c. 

The  carpels,  the  essential  oi^ans  of  a  female  flower,  occur  in  two 
conditions  in  Flowering  or  Seed-bearing  plants;  and  these  tw^o 
conditions  form  the  basis  for  the  primary  subdivision  of  this  group. 

In  by  far  the  majority  of  flowers  the  carpels  are  folded  up  and 
their  edges  united  so  as  to  form  hollow  cases,  in  the  interior  of 
which  the  ovules  are  enclosed.  In  such  instances  the  pistil  is 
divisible  into  regions,  of  which  the  lower  hollow  portion,  called  the 
ovary,  is  the  most  important :  very  frequently  a  stalk-like  process, 
the  style,  is  prolonged  upward  from  its  summit,  terminatiug  above 
in  a  more  or  less  thickened  head,  called  the  stigma,  which  marks 
the  position  of  an  orifice  leading  down  through  the  tubular  or 
spongy  tissue  of  the  style  into  the  cavity  of  the  ovary.  In  many 
cases  the  stigma  is  seated  immediately  upon  the  top  of  the  ovary, 
without  an  intervening  style  (Poppy,  Tulip).  Plants  bearing 
their  ovules  in  auch  closed  ovaries  are  called  Angiospermous,  or 
eovered-seeded. 

In  Pines,  Firs,  the  Yew,  Juniper,  and  in  the  exotic  family  of 
the  Cycads,  the  sexual  organs  occur  in  distinct  flowers :  and  these 
flowers  are  not  only  devoid  of  proper  floral  envelopes,  but  are  re- 
duced respectively  to  single  stamens  and  single  carpels,  mostly  col- 
lected into  male  and  female  ewus.    The  anthers  of  the  male  cones 
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produce  jwOen,  wad.  tbe  carpels  of  the  female  cones  produce  ovtdea ; 
but  the  carpels,  occur  in  the  form  of  open  scales,  and  the  ovules 
ire  bome  upon  the  surface  or  the  free  margins  of  the  carpels,  so 
that  the  pollen  reaches  them  at  once,  without  passing  torough 
a  rtigma  and  style.  Plants  with  flowers  of  this  kind,  with 
which  are  also  associated  many  peculiarities  in  the  mode  of  deve- 
lapmeat  of  the  embryos,  are  called    Oymnospermous^  or  naked- 


Much  difference  of  opinion  still  exists  among  botanists  as  to  the  true 
satore  of  the  female  flower  in  G3rmno8perms;  but  for  the  present  the  above 
ion  will  suffice  for  the  student. 


The  ^fu^tospermta,  comprehending  the  great  body  of  the  Flower- 
ixig  plants,  are  separable  into  two  very  natural  groups,  which  are 
plainly  distinct  in  the  mass,  although  many  complex  relations  exist 
between  them.  Distinctive  characters  of  the  two  divisions  may  be 
found  in  many  parts  of  the  organization  of  the  majority  of  the 
plants ;  but  the  most  general  di&rence  is  that  which  occurs  in  the 
structure  of  the  embryo  contained  within  the  seed. 

In  one  division  we  find  that  the  seeds,  with  few  exceptions,  con- 
tain an  embryo  in  which  we  may  distinguish  two  rudimentary  leaves, 
or  eoiyUdons^  applied  face  to  face,  and  having  the  terminal  bud,  or 
srrowing-point  of  the  stem,  enclosed  between  them.  In  the  other 
division  the  embryo  presents  but  one  cotyledon^  or  seed-leaf,  more 
or  less  rolled  round  the  bud,  like  a  sheath.  The  plants  of  the  first 
division  are  called  Dicotyledonous,  those  of  the  second  Monocoty^ 
ledonous. 

Dicotyledons  and  Monocotyledons  are  naturally  divided  from 
each  other  not  only  by  the  general  characters  of  their  mode  of 
germination,  but  by  the  structure  of  their  stems,  the  arrangement 
of  the  skeletons  or  veins  of  their  leaves  (net-veined  in  Dicotyledons, 
puallel  or  straight-veined  in  Monocotyledons),  and  the  number  of 
organs  in  the  circles  of  the  flowers  (generally  in  fours  or  fives  in 
the  one  case,  and  in  threes  in  the  other).  These  distinctive  cha- 
racters will  be  more  fully  considered  hereafter. 

The  ripe  seed  of  the  G-ymnospermia  is  very  much  like  that  of 
Dicotyledons  ;  but  the  leaves  of  the  embryo  are  either  more  nume- 
rous, or  if  but  two  are  present,  they  are  sometimes,  but  not  always, 
slit  into  lobes,  whence  these  plants  have  been  called  Polycotyledonous. 
The  germination  of  the  seeds  of  all  the  Flowering  plants  con- 
Bsts  in  the  emergence  of  the  embryo,  more  or  less  completely,  from 
tbe  seed,  and  in  the  unfolding  of  its  rudimentary  vegetative  organs — 
the  radidcj  the  eoiyledoneary  leaf  or  leaves,  with  the  stem  supporting 
them,  the  tigeUwn^  which  is  sometimes  very  short,  but  which  termi- 
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natea  above  in  a  little  bud  called  the  plumule;  the  subsequent  un- 
folding of  the  plumule  gives  birth  to  the  firet  true  leaves  (fig.  3). 
Here,  then,  we  have  represented  all  the  kinds  of  organs  of  vege- 
tation which  will  form  the  first  objects  of  our  investigation,  nomel  v 
the  root,  the  stem,  and  the  leaf,  together  with  the  bud$,  or  com* 
pounds  of  rudimentary  stem  and  leaves,  which  occur  at  all  growing- 
points  of  the  plants  possessing  these  organs. 

The  phenomena  of  germination  may  he  conveniently  observed  by  sow- 
ing some  Turnip-seeds  and  Oats  in  a  saucer  of  moist  sand  covered  by  a 
beU-glass.  The  structure  of  a  dicotyledonous  seed  may  also  readily  be  ob- 
served by  soaking  a  Pea  or  a  Bean  in  water,  and  then  peeling  oflE  the  rind, 
when  the  parts  of  the  embryo,  as  above  described^  may  be  readily  observed. 

Sect.  2.  Ths  Eoot. 

Definition. — The  root  may  be  described  in  general  terms  as  the 
descending  portion  of  the  axis,  destitute  of  leaves,  buds,  flowers, 
and  green  colouring-matter,  but  provided  originally  with  a  minute 
"  root-caj)"  at  its  extremity.  Another  character  of  general  although 
not  of  universal  application  is,  that  it  is  the  part  of  the  plant  which 
penetrates  into  the  soil,  and  which  serves  at  once  as  an  organ  of 
attachment  and  of  nutrition. 

Fig.  4, 


Kg.  8. 


A  iee^Kng  Dico^Iedononi  plant, 
with  aa  aaoending  axis  or  ta'gel- 
inm  and  a  deaoending  azia  or 
radicle,  two  ootyledona,  and  a 
lerminal  bnd  or  plamule. 


Lily  of  the  VaUey  (CbnvaUarta  majitUt), 
wiMi  a  mbterraaeoaa  ereepimr  stem 
•ad  adreotitioiu  roota.        ^^ 


«f  T£f  ^J^PP^^f^.wp'^Spntetive  of  the  root  is  a  mere  cell  or  tube  canahlA 
of  absorbmjr  flmds.  Such  oi^ns  are  found  m  the  simplest  plants^h^ 
definition  aW  given  appHes  to  the  more  highly  oigLdzecf  pknts  •  W 
even  m  these  the  roi^hafre  are  mere  cells  of  ^i dJ^]^t^^^o^^ 
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_^^ — The  statement  that  roots  descand  U  subject  to  »  few  ex- 

cppliou  in  the  cawe  of  the  UterAl  ramifi(^ations  of  rooU,  and  of  the  latenl 
mute  fcnned  by  psiwntical  and  1^  certain  rlimhing  plants,  which  often 
Ktain  tbdr  original  direction,  making  a  more  or  less  obtuee  angle  with  the 
Sem  from  which  thev  rise.  In  eome  Cycads  and  Arads  the  root-branches 
ucend  vertically.  These  eiceptiona  are  less  numerous  than  the  deviatioa 
tt  the  stem  from  ita  general  chMitct«r  as  the  ascending  part  of  the  axis,  unce 
in  a  large  number  of  perennial  plants  the  direction  of  tlie  main  stem  is  con- 
Muidy  horiiontal.  Stems  of  this  kind  are  of  frequent  occurrence  among 
poennial  herbaceous  plants,  and  are  ordinarily  tenned  bv  gardeners 
''cTFeping  roots;"  for  example,  those  of  the  Ltly  of  the  Valley  (fig.  4), 
Guden  flag,  Couch  Grass,  he.  Roots,  as  a  ^oeral  rule,  are  destitute  of 
Inves  and  Wf-buds,  which  fact  serves  to  diittitiguish  them  from  r/usonua 
vnol-dodet  (BTKiu).  But  the  distdnctions  between  root  and  stem  are 
int  shaolate :  many  exceptional  instances  occur,  and  some  transitional 
oma ;  thus,  under  certun  circumstances,  roots,  as  indeed  ever;  port  of  the 
TCseUble  structure,  may  be  msde  to  form  buds,  but  always  fixim  the 
s&a,  QBTer  from  the  end  as  in  stems.  Some  trees  are  especially  prone  to 
thii,  *nd  may  be  propagated  by  cuttings  of  the  root,  such  ss  Pynitjapo- 
sirfl,  Madura  awaniiaat,  the  Pluin-troe,  &c.  TTie  root  of  Attemoru 
jfotkv  likewise  produces  buds  very  readily.  The  roots  of  Neottia  bear 
ktm,  while,  on  the  other  hand,  some  Orchids,  as  £pipogon  Qmelim  and 
OnBarltiui  i/tnata,  and  some  Bromeliads  have  no  roots. 

Origin  of  the  Boot — The  true  root  of  the  embryo  plant  is  the 


dovnvard   contiDuation  of  the  axis ;  but 


Fig.  5. 


li»!  original  radicle,  the  real  inferior  estre- 
uitf  of  the  axis  in  the  Monocotyledons  and 
m  the  stem-foruiing  Fiowertess  plants  (such 
IS  the  Ferns),  in  most  cases  spei^ily  ceases 
to  grow,  and  the  efficient  roots  are  really 
later«l  organs.  Where  the  primary  mdicls 
is  developed,  we  have  a  true  root  (Sg.  5); 
hot  the  roots  which  are  produced  from  l^e 
tidet  of  stems,  or  from  leaves,  are  termed 
xuiToUitiou*  roots  (Gg.  4). 

Tlie  axial  root  may  be  seen  well  in  any  seed- 
Kng  Dicotyledonous  plant,  as  in  a  joung-  Bean 
or  Tamip ;  and  by  watching  the  germination  of 
a  W  seeds  of  such  planta,  the  development  of 
the  radicle  into  the  axial  root  may  be  readily 
tncad.  The  axial  n«tar«  of  the  root  is  clearly 
crident  in  the  fall-^wn  plants  of  most  annual 
fiideo  species  of  Dicotyledons ;  and  in  shrubby 
ud  irhorsecent  perennials  of  this  class  the  axinl 
not  is  persiatent,  growing  by  annual  increase 

intoa  large  woody  mass,  proportionate  to  that     Bootorai*I[>llow<JWil« 
of  the  ascending  stem  or  trunk  «(«J((Wi.). 

The  origin  of  adventitioia  roots  may  be  observed  in  germinating  seeds 
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of  Honoeo^lednnone  plants,  such  u  gn^ns  (^  Okts,  Wheat,  ftc ;  but 
their  essential  character  may  be  still  more  clearly  distinguished  io  plaute 
ivhich  form  adrentitiouB  roots  on  well 'developed  stems  -p,      - 

and  bud-like  structures.     The  fibrils  which  sprout  from  ''"■  "" 

the   joints   of  the  stems  of  numerons   creepmr  plants  ansa. 

(Oromid-lTy,  Mint,  Sand-Sedge,  &c.),  the  clamping  roots 
of  Ii-j'Stenis,  the  roots  of  an  Onion-bulb,  as  well  as  those    < 
formed  from  slips  or  cuttjngs,  &c,  afibrd  familiar  examples 
of  adTentitioiu  roots. 


Eamiflcatioit. — Where  the  branches  of  the  root 
are  comptiratively  small  and  the  central  axis  is  both 
thick  and  considerably  elongated,  the  root  is  called 
a  tap-root  (fig.  6);  where  the  branches  are  deve- 
loped so  that  the  principal  axis  is  lost  aj  it  were  in 
its  own  ramificfttions,  the  root  is  called  jibrovg 
(fig-  5).  The  branches  issue  from  the  main  root 
in  succession  From  above  downwards  (not  from 
below  upwards  as  in  stems),  and  are,  in  the 
first  instance,  regularly  arranged  in  rows  one 
above  another,  'i'be  number  of  rows  varies  in  nuiro 
different  cases ;  and  the  regularity  of  disposition 
Boon  loBtt 

When  the  lap-root  exists  in  herbaceous  plants,  it  often  exhibits 
a   more  or  less  succulent  chamcter,  and  becomes  a  tuberomt  root,  as  in 
the  biennial   Turnip,  Carrot,  Beet,  &c.,  where  this  oi^an  is  peculiarly 
developed   in   the   first    season    of  growth,    to    serve    as   a    reserrou 
of  numment.      The  tendeDcy  of   such 
plants  to  exhibit  this  character  in  excess 
under  the  influence  of  stimuli  renders 
them  extremely  valuable  for  economic 
purposes.     The  flbroufl  rootlets  upon  the 
surface  of  tuberous  lap-roots,  like  the 
Carrot,  Parsnep,  &c.,  appear  tc  be  mostly 
true   roots.     A  distinction  is  made,  in 
describing  tuberous  roots,  between  those 
which  are^iwi/bmi,  SB  in  the  Carrot,  and 
those   which   are  napiform,  as   in  the 
Tumip.     A  woody  tnp-root  is  found  in 
many   forest-treee,  as,  for  example,  in 
the  Oak ;  but  here  the  branches  sham  ' 
more  extensively  in  the  increase  in  size, 
and  their  direction  tends  more  to  thu 
horizontal.    Fibrous  roots  are  particu- 
larly characlerietic  of  plants  growing     ToftdfflbHm^TmUUoiiirootarf* 
in  light  and  sandy  soils  or  in  water;  <>»■. 

the  perennial,  woody  forms  are  especially  characteiistic  of  shrubby  Di- 
cotyledons. 


Id  general  terma  it  maj  be  stated  that  the  fonu  aasimted  b;  the  root?, 
whether  true  or  adventi'tioua,  is  in  direct  Tektion  U<  the  nature  of  the 
medium  in  which  ther  grow  and  the  purposee  they  bsive  to  serve  as  feed- 
ing rooti,  hold-fMl«,  or  reeervoirs  of  nutnment. 

Adrontitioai  Boota(fig8. 4, 7)areepecial1ycharacteriaticof,  though 
br  no  moAoa  confined  to.  Monocotyledona  and  Flowerless  plants, 
since  their  radicles  are  usually  ftrrested  in  their  growth  ;  they  are 
slw  Decesearily  the  only  kind  which  can  occur  upon  Bpecimens  of 
Dicotvledonous  phmts  which  have  been  raised,  not  from  seeds,  but 
from  cuttings,  layers,  tubers,  &c.  They  arise  from  the  side  of  the 
tiem  vhich  given  birth  to  them,  and  moet  readily  in  the  vicinity  of 
bods  or  leaves. 

Adventitious    roots    are    very  Fig.  8. 

i-ariable  in  form  and  consistence. 
They  may  be  fibrous  (tig,  7)  or 
tuberous  (fig.  8),  and  are  not  un- 
i>UQimouly  of  intermediate  charac- 
ter in  the  Monocotyledons,  con- 
1191  ing  of  more  or  less  thick  fleshy 
Gbnt.  Either  the  fibrous  or  tube- 
raoi  form  may  occur  exclusively 
in  groups  of  adventitious  roots, 
w  tach  groups  may  contain  roots 
et  rootlets  of  both  kinds.  In 
irtjore»cent  Monocotyledons  the 

idventitioas  roots  acquirea woody  F»»n™i«i«  •dTtnatioutroouof «o««»ciJ«t 
diMacter  and  great  size ;  m  her-  '  '^  ' 

b)«ons  Monocotyledons  they  are  oommonly  annual,  or,  if  tuberous, 
biMuiial. 

The  iI&ro>r«  advenlitioue  roots  of  Monocotyledons  are  generally  soft, 
m^ch  daunted,  and  little  divided,  like  Ihoee  at  the  base  uf  bulbs  of  the 
lhiciiilh,OiuoD,  &c.  (tig.  17^.  A mijiture  of  Jibrous  and  tuberous  adven- 
lidom  looti,  forming  what  la  called  a  fasdculate  root,  occurs  in  Htmtro- 
ttHu,  and  in  Eammculiu  t^caria  (tig.  6),  in  which,  as  in  the  plant  la«t 
meatiDDed,  the  structure  is  still  further  complicated  by  the  existence  o( 
bod^  as  explained  further  on  under  the  head  of  Tuben^.  A  peculiar  inodifi- 
catioaof  this  structure  is  found  also  in  moetterref trial  Orchids.  In  ^nta 
ftpeiJtda  the  ftbroua  roots  exhibit  tuberous  thickenin^ie  at  interrals. 

Boot-luUTB. — The  youngest  parts  of  rootlets,  whether  branches 
of  aiial  roots  or  adventitious  roots,  often  exhibit  a  coat  of  delicate 
cottony  root-hairi,  which  are  thread-like  growths  from  the  epi- 
dermis (trichoma),  and  are  thrown  oS  in  perennial  roots  when  the 
«pidcnuia  gives  place  to  theriud. 
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The  nature  of  the  root-haiiB  will  be  explwned  under  the  head  of  the 
Anatomy  of  Hoota.  Examples  may  be  fouod  in  aeedliiig  plsnta  of 
iniiBtard,  in  potted  Geraniums  (I^Utn/omum),  or  in  the  roote  of  m&n; 
Monocotjledououa  bulbous  plants  and  Graases  growing  in  damp  places. 

Kedia  in  vhich  Boota  grow. — Soots  of  ordinary  plants  bury 
themselves  ia  the  soil ;  those  of  water-plants,  usually  mora  succu- 
lent in  their  tejture,  penetrate  the  mud,  as  in  the  Water-lilies,  or 
hang  freely  down  in  the  water,  as  in  Duckweed  and  the  Water 
Crowfoot.  A  number  of  plants  eihibit  what  are  called  a^rvil 
roots,  which  are  always  adventitious ;  and  these  may  be  either  the 

Fig.  9. 


Bktloh  of  m  UuKTora-tree  llUtuuplum),  wiA  tma  rggti  detnndiDg  IRm  tha  bnnohea. 

sole  radical  organs  of  the  plaat,  or  roots  developed  high  above  the 
ground  but  growing  down  to  rea(.'h  the  soil,  or  they  may  be  con- 
verted into  organs  of  support  for  a  weak  stem.  In  true  parasitical 
plants,  like  the  Mistletoe,  the  roots,  more  or  less  developed,  attach 
themselves  to,  and  become  organically  blended  with,  the  roots  or 
stems  of  other  plants. 

Thf)  plants  called  epiphyta,  such  hb  the  aerial  Orchids,  various  Anceous 
plante,  and  roembera  of  the  Pine-apple  family,  are  possessed  of  aerial  roots 
alone.  The  slem  of  such  plants  rests  upon  some  forei^  body,  such  as  the 
branch  of  a  tree,  totally  unconnected  with  the  earth,  and  produces  lon^; 
adventitious  roots  which  hang  suspended  in  the  atmosphere.     Roots 


TEE  BOOT.  19 

dereloped  in  the  ur,  and  subsequently  dnBcending,  pngent  them«elTM  in 
nriou  eonditions.  One  of  the  most  remarkable  is  tnat  which  isobeerved 
in  the  Hanf^TEH  (Sg.  9)  (Rhizaphoracete),  where  the  »eed  femunstes 
is  tha  fruit  while  the  latter  is  still  attached  to  the  tree,  and  drops  down 
its  long  mdicle  until  it  maches  the  mud  in  which  theae  trees  stow,  so 
that  the  item  of  the  young  plant  is  enabled  to  establish  itself  firmly  in 
certain  soil  before  it  cfetoches  itself  from  the  parent.     This  is  an 


e  parent, 
uial  TDOt.     In  the  Banyan  tree  (Pictu  indica)  adventitious  roots  w 
i^neatlj  developed  on  the  branches,  which,  descending  to  the  earth,  pene- 

Fig.  10. 


tnta  into  it  and  become  supportinK  columns,  which  ultimately  assume 
^  appeannce  of  trunks,  and  give  the  tree  the  appearance  of  a  group  or 
"«n  •  grove  of  trees  united  together  at  their  heads.  The  roots  of  the 
uboreaeent  Honocotvledons  partake  to  a  certain  extent  of  the  some  cha- 
fieter;  and  thoee  of  Palm-trees  ate  observed  to  arise  successively  one 
"OTB  another  in  a  spiral  course  neor  the  base  of  the  stem,  growing  out^ 
*>idi  and  downworas  to  penetrate  the  ground,  the  older  ones  ultimately 
««rii>g.  In  the  Screw-pines  (Pandanut,  fig.  10)  this  is  stiU  more 
'tnnng  and  distinct,  aa  the  spiral  line  which  they  form  is  more  a^ea. 
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and  the  roots  arise  a  long  way  up  the  stem ;  here  also  the  older  roots  and 
the  base  of  the  stem  decay,  so  that  the  whole  plant  comes  to  be  supported 
by  the  lateral  adventitious  roots,  as  on  so  many  props.  Aerial  roots 
becoming  organs  of  attachment  may  be  seen  in  the  cumbing  stems  of  Ivy, 
of  the  garden  Bignonia  (Tecoma  radicans)j  &c. 

Parasitic  Plants  developed  from  seeds  present,  in  their  earliest  stages, 
a  radicle  which  in  some  cases  becomes  developed,  in  others  not,  or  only  in 
a  peculiar  manner.  Some  germinate  in  the  usual  way,  in  the  earth,  and 
their  roots  seek  out  those  of  their  proper  nurse  plants,  to  which  they 
attach  themselves  organically,  others  superficially  or  by  penetrating  deeply 
into  the  interior ;  in  such  cases  they  may  be  wholly  parasitic,  as  in  the 
leafless  Broom-rapes  (Orobanchacece),  or  only  partly  dependent,  as  in 
Thesmniy  JRhinantntts,  and  Melampyrum,  Others  germinate  in  the  usual 
way  in  the  soil ;  but  their  young  stems  attach  themselves  to  those  of 
other  plants  by  adventitious  roots  developed  at  the  points  of  contact,  while 
the  lower  part  of  the  parasite,  connected  with  the  ground,  soon  dies  away, 
as  in  the  Dodder  (Cuscuta).  The  woody  parasites.  Mistletoe  (ViscuTn)^ 
Myzodendrofit  and  others,  are  developed  from  seed  upon  the  spot  where 
they  are  attached.  Li  the  Mistletoe,  the  seed  clings  oy  its  viscid  pulp  ; 
in  Myzadendron  by  coiled  hairy  anns;  and  when  uie  radicle  sprouts,  it 
drives  its  way  through  the  rind  of  the  nurse  plant  until  it  reaches  the 
cambium  layer,  where  it  connects  itself  organically,  becoming  grafted 
exactly  like  a  budded  rose.  No  further  development  of  root-structure 
occurring  here,  the  full-grown  plant  appears  rootless,  and  like  a  branch  or 
graft  upon  the  nurse  tree.  The  earlier  stages  of  growth  of  the  Rhizanthete, 
root-parasites  composed  chiefly  of  inflorescence,  are  not  known ;  probably 
they  are  analogous  to  those  of  Viscttm  in  the  first  instance,  but  with  the 
addition  of  horizontal  growths  of  stem-structure  beneath  the  bark  of  the 
nurse  plant 

Characters  presented  by  the  Boot,  ftc. — The  points  to  be  spe- 
cially attended  to  in  studying  and  describing  the  root,  such  as  the 
form,  ramification,  <&c.,  may  be  gleaned  from  what  has  been  before 
stated  and  from  the  Section  on  the  Description  of  Plants. 

Sect.  3.  The  Stem. 

Beflnition. — The  stem  is  the  ascending  portion  of  the  axis  of  a 
plant.  It  is  usually  characterized  by  its  growth  taking  place  in 
a  direction  contrary  to  that  of  the  roots,  and  by  bearing  on  its  sides 
regularly  arranged  leaves  or  modifications  of  leaves,  forming  the 
lateral  or  appendicular  organs.  The  term  catdome  is  applied  in  a 
comprehensive  sense  to  any  stem  or  branch  or  to  any  modification 
of  those  organs  bearing  leaves  or  modified  leaves,  phylhmes. 

Exceptions* — An  exception  to  the  ascending  growth  occurs  in  the  case 
of  creeping  stems,  where  the  main  axis  takes  a  more  or  less  horizontal 
position ;  but  the  first  shoots  of  such  plants,  developed  from  their  seeds, 
ascend,  and  the  secondary  axes,  which  bear  the  efficient  leaves^  assume  the 


a«rt  po^an,  ma  ia  aeen  in  the  tnfted  habit  of  growth  of  plutla  with  a 
fubunsneoita  nuun  Mem.     (Sea  abo  p.  16.) 

Bndi. — Every  etem  ia  developed  from  a  hud,  which  consist"  of  a 
araai  rudiment  or  growing-point  of  the  stem  bearing  rudimeiitar; 
l«aie*  crowded  npon  ita  sidea.  The  primary  bud  of  the  stem  cif 
Flowering  plaat«  presents  itself  ai  the  flumuU  (fig.  3)  of  the  embryo ; 
and  to  long  aa  this  axis  continues  to  grow,  a  bud  (the  terminal  bud) 
v  found  at  its  extreniity.  The  branching  of  a  stem  depends  upon 
ibe  dsTelopment  of  latenil  buds,  which,  as  a  general  rule,  appear  only 
m  the  (Lril  or  upper  angle  between  the  base  of  a  leaf  and  the  stem, 
vbeoee  tbey  &re  called  axillary  bvdt. 

Tbera  is  in  miuiy  embiyo  plsoM  a  small  portion  of  the  axis  iatermediste 
ia  nrjctare  as  in  position  between  the  true  root  and  the  true  stem  (tig.  3). 
Tbi)  ■'  hifpoeotyletfanary  axU  "  or  tigelium  sometimes  ^Toa  off  shootti,  by 
rtichitmay  be  distinyuiflbed  from  roots;  moreover  it  la  either  cylindrical 
TUpeisupwarda,  whUearootlaperaia  Y\g.  11. 

tte  oppomie  direction.  This  hypoco- 
tiledonarv  axis  funnB  the  trnnk  of  the 
-nnordinarj  plant  called  Welwittchia, 
knaAer  deanibed. 

VodM  uid  Intemodei.  —  The 
pbce  whence  a  leaf  arises  marks 
ibe  position  of  a  structural  region 
eodowed  with  special  physiological 
fctivity;  it  defines  eitemally  a 
point  where  the  internal  tissues  bave 
1  peculiar  arrangement.  Heuce  a 
particular  name  ia  applied  to  it,  that 
at  notU.  Sometimes  a  kind  of  arti- 
rulation  of  the  atem  occurs  at  this 
point,  but  not  aa  a  general  rule. 
The  intervals  between  the  point«  of 
oii^  of  leavM  are  called  the  inler- 
noda.  In  buds,  the  intemodes  are 
not  yet  developed.  In  a  large 
majority  of  ascending  stems  the 
intemodea  become  oousiderably  de- 
veloped, BO  that  the  leaves  ulti- 
mately appear  stationed  at  distinct   D»«™n>  jf  PtM.^  M<i«  bwridg  !«»■ 

.    ,        -^  ,    rr  crowded    on  k  item  with  onrleirlouod 

mteriMS.  In  many  subterranean  iDUrnodn.  Ttu  ibort  ituu  Ksn  in 
Items,  at   the  lower  part  of   the      "°^'- 

itema  of  many  herbaceous  plants  (fig.  11),  and  in  the  trunks  of 
many  of  the  arborescent  Monocotyledons,  the  intemodes  never 
becoine  much  lengthened,  and  the  leaves  in  consequence  appear 
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dosely  packed  and  more  or  less  overlapping  in  the  full-grown 
plants.  Such  plants  are  sometimes,  but  erroneously,  called  aeau- 
UscerU  or  stemless  plants. 

The  relatiTe  development  of  the  internodes  is  next  in  importance  to 
the  order  of  arrangement  of  the  axillary  buds  in  afiEecting  the  general 
forms  of  stems.  A  clear  idea  of  the  conditions  may  be  obtained  by 
examining,  in  the  first  instance,  what  occmrs  in  the  unfolding  of  the  bud 
of  such  a  tree  as  the  Horse-chestnut  In  the  bud  the  enveloping  scales, 
the  rudimentary  leaves,  and  even  the  blossom  may  be  distinguished, 
crowded  on  the  undeveloped  axia.  As  the  leaves  emerge  and  expand, 
they  become  separated  from  each  other  by  the  elongation  of  the  inter- 
nodes of  the  stem,  until  at  length  they  stand  at  considerable  distances 
along  the  sides  of  a  shoot  several  feet  long.  This  may  be  illustrated  by 
comparing  it  to  the  separation  of  the  joints  of  a  telescope,  when  its 
lengths  of  tubes  are  successively  pulled  out.  Examples  of  permanently 
ttndeveloped  internodes  are  seen  in  the  rosette-like  offshoots  of  House- 
leeks  and  of  many  other  herbaceous  perennials — in  the  first  season's  groi^vth 
of  such  plants  as  the  Turnip,  Carrot,  Canterbiu^-bell,  and  indeed  of 
most  biennials,  where  the  leaves  all  appear  to  arise  from  the  root — in  the 
bulbs  of  many  Monocotyledons,  such  as  the  Crocus,  Hyacinth  (Rg.  17), 
&c.  In  these  cases  the  flowering  axis  which  subsequently  appears  often 
develops  its  internodes  consider-  ^ 

ably,  and  rises  as  a  tall  stem.  An  "?•  ^*' 

intermediate  conditionis  met  with 
in  stems  which  are  elongated,  but 
have  the  leaves  closely  overlap- 
ping, as  in  the  common  Stone- 
crop,  many  Coniferous  trees,  many 
Palms  (fig.  83),  &c. ;  and  a  simi- 
lar condition  exists  in  the  sub- 
terraneous root-stocks  of  various 
plants,  where  the  imperfect 
sheathing  leaf-scales  succeed 
each  other  at  short  intervals. 


BegionB  of  the  Stem. — In 
the  embryo  of    a  Flowering 

Slant  it  is  scarcely  possible  to 
efine  the  limits  even  of  the 
stem  itself,  which  loses  itself 
above  in  the  plumule,  and  be- 
low in  the  radicle.  But  in 
fully-developed  stems,  a  ^n- 
eral  division  into  three  regions    .„       ...     .. 

may  be  distinguished  accord-  ApUnt  of  5Wto«,u,  6t^  with  a  creeping  rhi. 
ing  to  the  kind  OI  lateral  n>me  beannK  leff'weaUf,  an  erect  leqfy  stem, 
Ol|anS  which  they  bear,  viz :—      ^^  "  inllore^ence  with  bracU. 

1.  The  Leaf'8cale  region  (fig.  12),  which  is  mostly  eubternmeaii 
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ill  its  halHt,  and  presente  itself  with  more  or  less  of  the  external 
ipparance  ol  a  root,  of  &d  enlarged  fleshy  bud,  or  of  a  combination 
i[  ihese  tvo.  The  leaves  upon  thu  are  never  green,  but  are  of 
neshr  or  membr&noua  texture  and  simple  forma.  Leaves  of  this 
(baiicter  are  found  on  the  outside  of  buda. 

i.  The  Leaf  region,  forming  the  ascending  stem  of  plants  gene- 
nllr,  especially  characteriied  by  the  green  colour  and  great  de- 
velopment of  tite  foliage. 

3.  The  Bract  region,  which  is  also  known  as  the  Infloruevnce,  is 
^flmgnished  by  its  smaller,  more  delicate,  and  sometimes  coloured 
^vea,  the  axillary  buds  of  which  produce  flowers. 

TV  extent,  both  positive  and  relative,  in  which  these  regions  are  re- 
prwiitedij  difiereDt  in  almoet  every  pliuiti  huts  few  general  statements 
3ii_T  be  nude  serving  to  iUustrate  the  subject.  The  leaf-seals  region  is 
'iridnped  chiefly  in  kerbactout  pertnniat  plants ;  and  the  nrincipal  modi- 
BiHioaa  of  it  will  be  essmined  below  under  the  heads  of  Khizomes,  Bidbs, 
oi  allied  stnctures.    It  may  be  observed  that  the  leaf-scales  or  abortive 


Fig.  13. 


Fig.  14, 


a»laif  «m  wtlir BcnTen  <D~tibauli>(rf  (nis-ltsTitem.  iDd  its  brimchsi 

^  "PTV  LoAvca.  A"  bncC-Blcmg  or  InflorHoeaccf  • 

The  root!  procpedlnf  from  tk« 

bliimms  oiffiULi  are  almost  eicluuvely  composed  of  the  stalks  or  shestbs 
of  IfliTts,  without  any  part  corresponding  to  the  blade;  eKceptiona  to 
Ha,  illastiating  the  rule,  occur  in  tunicated  bulbs  like  the  Hyacinth 
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Rf?.  16. 


(fig.  17),  where  the  inner  scales  bear  a  green  blade  standing  out  free  at 
the  top  of  the  bulb,  and  again  in  various  subaquatic  Grasses  with 
creeping  stems,  in  which  the  lower  parts  of  the  annual  shoots  often  exhibit 
larffe  open  sheaths  with  small  rudiments  of  blade  at  their  summits.  The 
region  bearing  perfect  leaves  forms  the  principal  part  of  the  axis  in  arbo- 
rescent plants,  where  the  leaf-scale  region  occurs  only  at  the  points  where 
the  protecting  scales  of  the  autumn  buds  are  produced.  The  scars  of  the 
leaf-series,  crowded  together  from  the  non-development  of  the  intemodes, 
are  very  visible  at  the  base  of  the  yearly  shoots  of  many  trees,  for  ex- 
ample, of  the  Horse-chestnut :  other  twis  reproduce,  as  it  were,  their 
cotyledons  at  these  points ;  the  Jasmine,  for  example,  exhibits  a  pair  of 
broad  undivided  leaves  near  the  base  of  each  annual  shoot  In  annual 
plants  the  leaf-recfion  is  predominant,  but  the  bract- 
region  is  relatively  more  developed  than  in  trees; 
and  the  same  holds  good  of  perennial  herbaceous 

Slants.  In  arborescent  plants  the  bract-region  usually 
oes  not  present  itself  until  the  leaf-regions  of  many 
years  have  been  formed,  and  even  then  it  is  generally 
formed  from  branches  of  the  axis  which  have  a  su1>- 
ordinate  share  in  giving  the  special  form  to  the  entire 
plant :  sometimes,  however,  the  form  of  the  ramifica- 
tion is  much  affected  by  the  position  of  this  region,  as 
in  the  Horse-chestnut,  Lilac,  and  other  trees,  where 
the  terminal  buds  of  shoots  are  developed  into  an  in- 
florescence, which  of  course  puts  a  stop  to  the  onward 
growth  at  these  points. 

Leaf-scale  Region. —  The  leaf-scaled  stem, 
found  esipecislW  among  herbaceous  perennial  plants, 
or  such  as  live  for  several  years  without  forming 
a  permanent  woody  stem  above  ground,  is  seldom 
continuous  with  an  axial  root ;  on  the  other  hand, 
it  is  very  prone  to  produce  adventitious  roots,  as 
is  natural  to  its  usually  subterranean  or  creep-  Diagram  of  a  pUnt  of 
ing  mode  of  growth.  When  its  intemodes  are  Sf^eaf-BwJT^trae- 
regularlv  although  slightly  developed  vear  after  leaf,  and  bnurtrepona 
year,  it  forms  an  abbreviated  stem,  horizontal  or  S^tlSllSL?"**^ 
ascending,  either  below  or  above  ground.  If  the 
main  axis  persists,  producing  a  few  branches  each  year,  and  as 
it  grows  at  one  end  slowly  dies  away  at  the  other,  a  more  or 
less  root-like  structure  is  produced,  termed  a  root-stock  or  rhizome 
(fig.  12).  If  the  growth  of  each  axis  decays  away  at  regular  in- 
tervals, so  as  to  isolate  the  products  of  the  succeeding  axes,  the 
result  is  different,  and,  instead  of  a  branching  rhizome,  the  axis 
resolves  itself  into  a  number  of  detached  portions,  in  the  form  of 
corms.  If  these  detached  portions  are  chiefly  composed  of  leaf- 
scales,  with  the  undeveloped  stem  small,  so  that  they  represent 
^larged  buds,  they  are  called  bulbs  (figs.  16  &  17).    Another  re- 
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prodacUve  structure  belonging  to  the  leaf-iole  r^on  of  the  stem 
II  the  lnher  (Sg.  19),  which  consists  of  &  fleshj  thickened  subter- 
nnean  mxis,  u-iaisg  in  the  ftxil  of  s  leaf-scale,  having  its  own  in- 
teraodes  considerably  developed,  so  that  its  lenf-BCnles  are  scattered 
tnd  cover  isolated  buds  or  "eyes."  Tubers  of  analogous  character 
■re  Mmetimes  formed  from  aerial  branches,  as  in  many  epiphytic 
Orchids,  where  they  have  a  green  colour  and  are  known  as  pseado- 

Bulb. — The  bulb  (fig.  16)  is  a  stem  remaining  permanently  in 
the  condition  of  a  bud.  Its  axis  consists  of  a  disk  or  short  coni- 
ai  plate,  from  the  upper  surface  of  which  arise  leaf-scales  of 
fleshy  character  more  or  less  overlapping  each  other  and  enclosing 
ibf  points  of  growth,  while  one  or  more  circles  of  adventitious 
roots  are  given  off  from  the  base  (tig.  17).     fiulbs  are  named,  OC' 

Fiy.  Ift  Fi(r.  17. 


Tnni™W  bulb  of  Ihc  Omrdcn  Hi»rinth.  mt 

(L.I.  L-iL    t  r-f  3:3  --L  tbrowrh  P*n»ndicilInrlT,»hflwin£  th^If»f- 

'  ^If^i™"^""^  "'^  •<^"  •™"«  f™""  the  .bb«^S  Jau 

Micntltuiuiwu.  «),  snii  Iho  Tonni  bnlbil.  or  oloi«(o,a) 

bnnvd  in  Ihv  Kcib  of  lebf-wslH. 

wding  to  the  character  of  their  leaf-scales,  tealy  or  tqwimose  when 

IbetsMily  partially  overlap  (Lily), and  funi(a(«rf  when  the  scales  form 
fomplete  sheaths  (Onion,  Hyacinth),  Bulbs  produce  flowering 
»ies  alher  from  the  terminal  or  from  axillary  buds.  Thev  are 
Multiplied  by  buds  developed  in  the  axils  of  the  scales  in  the  form 
oE  Dew  bulbs  (fig.  17,  a,  a),  which  sooner  or  later  become  detached. 
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When  a  bulb  flowers  from  its  terminal  bud  in  its  first  season  of 
growth,  it  is  annual ;  when  it  only  strengthens  itself  by  forming 
scales  in  the  first  season,  and  flowers  from  the  terminal  bud  in  the 
second,  it  is  biennial ;  when  it  flowers  from  an  axillary  bud,  the 
terminal  bud  may  be  developed  in  the  same  form  indefinitelj  and 
form  a  perennial  bulb. 

The  number  of  leaf-scales  constituting  the  mass  of  a  bulb  yaries  xnucli 
in  different  plants :  in  Gagea  and  others  there  exists  only  one ;  AUium 
oleraceum  has  but  two;   the  Garden  Tulip  and  Crown  Imperial  have 
comparatively  few  scales,  while  the  Lilies  and  the  Hyacinth  (figs.  16  & 
17)  have  numerous  coats  or  scales.    A  little  explanation  is  requisite  as 
to  the  terms  annual  &c.  as  applied  to  bulbs.    We  have  an  example  of 
what  is  called  an  annual  bulb  in  the  Garden  Tulip.   As  planted  in  autumn, 
it  is  a  bud  composed  of  four  or  five  scales  enveloping  a  central  rudimen* 
tary  fioweiing  stem  which  terminates  the  main  axis.    In  the  axil  of  the 
outer  scale  there  is  an  axillary  bud.    As  the  flowering  stem  is  developed 
the  old  bulb  shrinks,  while  the  axillary  bud  becomes  more  and  more 
perfect;   so  that,  after  the  flowering  season  is  over,  it  forms  a  n&w 
bulb,  to  the  side  of  which  the  withered  remains  of  the  old  one  are 
attached.    The  terminal  point  of  the  new  bud  repeats  the  flowering,  and 
its  outer  scale  (sometimes  the  next  also)  subtends  an  axillary  bud  destined 
to  become  a  new  bulb  in  the  next  season.    Such  bulbs  are  sometimes 
called  prcsventitiouSf  since  the  bulbous  structure  of  any  ^ven  axis  is 
formed  before  the  true  leaves  and  flower.  The  Grown  Impenal  (Fritilaria 
imperialis)  aflbrds  an  example  of  a  biennial  bulb.      Examined  in  the 
autumn,  it  is  found  to  consist  of  fleshy  scales  produced  at  the  lower  part 
of  the  axis  which  has  just  flowered ;  while  a  bud  seated  in  the  axil  of  the 
innermost  of  these  scales  is  already  developed,  and  by  the  decay  of  the  old 
fluwerinff  stem  has  come  to  occupy  the  centre  of  the  bulb.    In  the  next 
season  this  bud  flowers :   at  first  it  is  surrounded  by  the  scales  of  its 
parent  axis ;  but  after  the  flowering  is  over,  these  very  quickly  shrivel  up 
and  disappear,  the  axis  which  has  just  flowered  giving  origin  at  its  base 
to  a  number  of  scales  replacing  them ;  and  while  the  flowering  stem 
decays  away  down  to  these  scales,  a  new  axillary  bud  is  developed  in  the 
axil  of  its  innermost  or  uppermost  basal  scale.    Thus  the  bulb  always 
bears  growths  belonging  to  two  seasons  on  the  same  axis :   the  nutrient 
leaf-scales  of  each  axis  are  developed  upon  it  after  it  has  flowered,  and 
serve  for  the  support  of  the  flower  ot  the  next  axia    Such  bulbs  are 
sometimes  called  postventUiouSy  and  may  be  termed  definite  to  distinguish 
them  from  the  next  kind.    Perennial  bulbs  differ  from  the  foregoing  in 
retainii^  the  products  of  the  condensed  axes  of  several  years  in  a  healthy 
vegetative  condition.    Thus,  if  we  examine  a  bulb  of  the  Garden  Hyacinth, 
(fig.  17)  when  it  is  flowering  by  its  terminal  bud,  we  find  the  base  of  the 
flowering  axis  surrounded  by  several  leaves  belonging  to  itself;  the  whole  of 
them  stand  in  the  axil  of  a  scale  belonging  to  the  preceding  year,  which  also 
contains  the  short  remnant  of  the  flower-stalk  of  that  year ;  and  to  this 
scale  succeed  several  more,  all  belonging  to  that  same  axis ;  these  more- 
over stand  collectively  in  the  axil  of  the  innermost  of  a  series  of  scales 
belonging  to  the  year  before,  remains  of  the  flower^talk  of  which  are 
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abo  aometiines  visible.  Finally,  on  examining  the  axil  of  the  innermost 
green  leaf  of  the  present  year,  we  find,  nestled  oetween  it  and  the  base  of 
the  flower-stalk,  the  bud  which  is  to  form  the  axis  of  the  next  year* 
Therefore  this  bulb  possesses  structures  or  axes  belonging  to  four  distinct 
gentsmtiona.  The  bases  of  the  green  leaves  expand  into  fleshy  sheathing 
coats  after  the  flowering  of  the  axis  which  gives  rise  to  them ;  and  the 
decay  of  their  blades,  which  extends  to  the  summit  of  the  bulb,  gives 
riie  to  the  ragged  or  bitten-oif  appearance  of  the  latter.  These  bulbs  are 
pu^veHi^iauawiB  the  last  kind,  out  may  be  distinguished  from  them  as 
mle/imte» 

Oorm. — ^The  conn  more  or  less  resembles  a  bulb  externally,  but 
eonsists  principally  of  a  stem  with  little-developed  intemodes, 
tluckened  into  a  fleshy  body,  and  bearing  leaf -buds  at  one  point, 
either  at  the  summit,  as  in  the  Crocus  (flg.  18),  or  at  the  side,  as  in 
Colchieum^ 

The  conn  of  a  Crocus  examined  very  early  in  spring  exhibits  a  primaiy 
axis  in  the  fonn  of  a  roundish  mass  bearing  the  adventitious  roots  below, 
tod  giving  rise  above  to  one  or  several  tufts  of  leaves.  The  bases  of 
the  leavesy  outside  which  are  a  few  membranous  scales,  being  at  first 
sunk  in  the  parent  axis,  these  tufts  or  rudimentary  branches  are  not 
Kadily  distinguished  as  secondary  axes;   but  the  p.     ,<> 

luminal  bud  soon  grows  out  to  nroduce  the  flower.  8^*      • 

After  the  flowering  is  over,  tne  intemodes  be- 
tveen  the  scales  and  the  bases  of  the  spreen  leaves 
Wome  developed  both  vertically  ana  also  hori- 
xtjotally,  0o  as  to  convert  the  base  of  each  flower- 
ing stem  into  a  new  conn.  When  about  half- 
grnwn  the  new  conns  stand  out  as  globular  bud- 
li^  structures  on  the  top  of  the  old  corm,  which 
id  gradually  exhausted,  and  decays  away,  so  as 
to  set  its  progeny  free.  In  the  axils  of  the  upper- 
BKMt  leaves  of  the  flowering  stem  are  developed 
new  buda  (which  exist  even  before  the  corm  oe-  ComoftheC^ardenCroonii, 
gins  to  sprout  in  spring) ;  and  as  the  new  corms  oq^  throogh  perpendicu- 
aie  perfected,  the  buds  imbedded  in  their  summits  ^^* 
fonn  the  rudiments  of  the  leaves  and  flowers  of  the  next  season,  sprout- 
iag  oat  in  the  spring,  each  to  reproduce  a  corm.  Hence  in  a  corm  taken 
OQt  of  the  ground  a  short  time  after  the  flower  withers,  we  find  three 
a*t0  of  axea : — 1,  the  withering  parent  corm ;  2,  the  young  corms  branching 
from  this,  formed  from  the  bases  of  the  flowering  stems ;  and,  8,  the 
ttilliry  buds  of  the  leaves  of  the  latter,  fonning  the  resting  buds  at  the 
ionunits  of  the  new  corms. 

In  Culehicum  autunmale  the  conditions  are  somewhat  different.  When 
^  plant  is  flowering,  in  autumn,  we  flnd  the  flowering  stem  attached  to 
the  nde  of  the  base  of  the  corm ;  the  flowering  stem  is  surrounded  at  its 
Wee  hy  sheathing  scales  and  rudimentary  leaves  \  in  the  axils  of  the  two 
lowwt  leaves  exist  minute  buds,  and  the  intemodes  between  these  leaves 
are  iliKhtly  developed.  The  flowering  stem  then  withers  down  to  the 
pwuk^  and  during  the  winter  the  intemode  between  the  two  buds  swells 
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And  fonns  a  new  conn,  the  old  one  shri  veiling  up.  The  leaves  appear 
above  ground  in  the  sprinsr,  proceeding  from  uie  apex  of  the  corm,  and 
the  bud  at  the  side  of  its  lower  end  shoots  out  to  form  a  new  lateral  fltem, 
which  produces  sheaths  and  rudimentary  leaves,  and  ultimately  forms  tbe 
flowering  stem  of  the  next  autumn,  the  base  of  which  repeats  the  forma- 
tion of  a  corm  in  like  manner  and  shoots  up  its  tuft  of  leaves  in  the  fol- 
lowing spring.  The  corm  being  formed  from  the  infemode  between  the 
buds,  the  lower  of  these  is,  to  a  certain  extent,  basilar  as  well  as  lateral, 
while  the  upper  one  appears  near  the  top  of  the  perfect  corm,  rather  to 
one  side,  near  the  scar  of  the  old  leaves  and  flower-stalk :  this  bud  may 
or  may  not  be  developed  into  a  corm  simultaneously ;  but  in  any  case 
it  becomes  detached  from  its  fellow  when  the  old  corm  shrivels  up,  and 
thus  may  multiply  the  plant. 

The  corm  of  Arum  maculatum,  examined  in  spring,  exhibits  two  loI>es, 
with  an  intermediate  constriction ;  they  lie  adjoined  horizontaUy :  the 
corm  of  the  past  year  is  shrivelled ;  the  other  is  solid,  and  at  the  summit 
exhibits  sheathing  scales  enveloping  the  base  of  the  erect  flowering  stem. 
Opening  the  sheath,  which  turns  upward,  we  see  that  the  flower  arises 
from  a  terminal  bud,  while  in  the  axU  of  a  leaf  arising  below  it  exists  a 
bud  which  is  destined  to  swell  up  and  form  a  new  corm  for  the  next 
season,  the  oldest  one  meantime  withering  away ;  so  that  two  genera- 
tions with  the  rudiments  of  the  third  alwavs  coexist ;  these  generations 
may  consist  of  a  greater  number  of  individuals  when  additional  comia 
arise  from  the  axils  of  several  of  the  scales  of  the  parent  corm. 

Tubers. — ^The  stem-tuber  is  either  formed  Fig.  19. 

from  the  base  of  a  stem,  or  from  a  branch 
arising  from  a  subterraneous  leaf-scale  (fig. 
20),  developed  either  partially  or  entirely  into 
a  thick  and  fleshy  mass,  by  expansion  of  its 
spongy  structure,  its  own  leaves  appearing 
in  the  form  of  rudimentary  scales,  in  the  axils 
of  which  exist  dormant  buds,  or  eyes,  capable 
of  producing  independent  otems  when  the 
tuber  recommences  its  development  after  a 
season  of  rest. 

Axial  tubers  occur  in  many  herbaceous  plants, 
as  in  Corydalis  bulbosa;  when  of  annual  dura- 
tion, these  are  essentially  the  same  as  corms. 
The  tuber  of  the  Potato  is  a  familiar  example  of 
the  stem-tuber  formed  from  a  branch,  in  which  its 
characters  may  be  readily  observed ;  a  number  of 
leaf-scales  at  the  base  of  the  '^  haulm"  send  out 
subterraneous  branches,  which  at  some  distance 
£rom  the  point  of  origin  cease  to  elongate,  and 

swell  up  into  tuberous  masses.  The  tubers  of  the  Jerusalem  Artichoke 
(fig.  20)  are  analogous  productions.  Stem-tubers  passing  more  or  less 
into  rhizomes  form  the  so-called  roots  of  the  Bryonies  (  Tamtts  commums 
and  Bryonia  dioica)^  of  the  Sweet-potato  {CoHvoktdui  Batatas),  and  the 


Tuber  formed  at  the  base 
of  tbe  stem  of  Bunium 
Sulbooaatanum, 
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8t«B-nbcn  ofths  JcnUKlfin  Artichoke  {SiUanOia  tuitntiu). 
of  Dioietrea  yielding  "  yamB."  The  tubers  of  the  torrefltrial 
tiida  Kre  chieBy  compoeed  of  isdicol  structui-eB.  If  we  examine  tlie 
vra  Uiben  of  Orchii  Mono  (fig.  21),  we  find  one  at  the  base  of  the 
(jwering  etem  (a),  which  towwda  lie  close  of  the  season  is  withered, 
vblle  th«  other  (b),  crowDed  hv  8  bud  (*),  is  solid  and  healthT :  in  the 
uil  of  th«  lowest  leitf  of  this  bud  exists  another  bud  in  n  ruoimenttuy 
Aite;  mnd  aa  the  oldest  tuber  shriTels,  this  swells  out  and  assumes  its 
f:>nD,  in  tlie  next  season  appearing  as  the  bud'taber,  while  its  parent 
Womes  the  tuber  of  the  tiatrering  stem.  The  grefitest  part  of  the 
BUB  of  these  tubers  consists  of  a  swollen  Adventitious  root,  which  is 
iotimalely  blended  with  a  few  little-developed  stem-intemudcs  and  the 
Fig.  2L  Fig.  22. 


Double  ulmi 
odonuitnjna 


1  root-tub«n  of  Gym 
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tonninnl  bud.  In  «ome  cases  these  tubers  are  rounded ;  in  othere  they 
are  divided  belov,  so  ew  to  become  palmate  (Qg.  32).  The  tubers  of 
Bumum  (fig.  19)  belong  to  the  root. 

Bhizome. — The  rhizome  or  root-stock  is  a  body  composed  of 
an  indefinite  number  of  corm-like  axes  permanently  connected 
together,  so  as  to  form  an  elongated,  root-like  stem,  more  or  less 
clothed  with  leaf-scales  (fig.  23).  Its  intemodes  are  generallr 
little  developed  ;  sometimes,  however,  regions  with  developed  JD- 
temodes  alternate  with  others  wherein  they  are  undeveloped, 
giving  a  nodose  character  ;  when  it  has  the  inf^rnodea  much  de- 
veloped (figs.  12  &  25),  it  approaches  in  character  (through 
"runners"  &c.)  to  creeping  leafy  stems.  Its  texture  and  appear- 
ance vary  from  herbaceous  or  fibrous  (fig,  25)  to  tuberous  (fig.  23) ; 
its  direction  is  usually  horizontal,  though  in  some  cases  it  is  vertical 
(fig.  24) ;  and  in  the  majority  of  cases  it  grows  under  ground. 

Example  of  the  rhizome  are  very  numerous  among  herbaceous  peren- 
nial plants,  both  Dicotyledons  and  Monocotyledous.  The  Iris  afibrds 
an  example  of  a  tuberous  rhizome  which  may  be  uuderstood  by  com- 
pariiig  it  with  a  corm  like  that  of  Arum  maiivlatum,  and  by  supposing 
that  the  older  portions  of  this  survive  for  many  years,  so  as  to  ionn  a 
creeping,  more  or  Ibrs  branched  mass.  The  Solomon's  Seal  (fig,  23),  Sweet- 
flag  (Aconu),  Ginger,  Water-Lily,  &c.  afford  other  well-known  examples, 
Kg.  24. 


BhiKinc  of  Solomon'!  Sol  ( CmnallaHa  poltitimalim^  : 

j™;  rki.  annof  the  Boiiariiig  itiimj  of  two  pre-     Vertioil  rbizomB  of  Ctmla  vintm, 
ixoAog  7«u«.  cot  through  pflFpflndiimUrLj. 

In  some  of  these  ('cAlled  definiU  rhisoma)  the  floweis  appear  to  be  pro- 
duced  by  terminal  buds,  which  take  an  aacendine  direction  and  lose  them- 
selves in  the  infinreecence,  the  onward  growth  of  the  stem  being  eSecIed 
by  means  of  aiillsry  buds.  In  others  (indefinite  rhisnmes)  the  growth 
is  continuous  bj  the  formation  year  after  year  of  a  terminal  leaf-bud. 
Rhizomes  of  more  solid  texture,  but  of  analogous  construction,  occur  in 
many  Ferns,  as  in  Atpiditim  FUix-mat,  also    in  most  of   the  Rushes 
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(Jtme¥i)y  and  a  great  Tarietj  of  herbaceona  DicotyledonB,  auch  aa  the 
PrimitMe,  &c  Certain  widely  extending  creeping  plants  afford  examples 
of  rfaizomea  with  developed  intemodes,  as  the  Sand-Sedge  (fig.  25),  the 
wire-like  rhizome  of  which  extends  for  many  yards  under  the  loose  sand, 
sending  up  leafy  shoots  at  regrular  intervals ;  the  stems  of  Couch-grass,  of 
Tuious  Mints,  and  other  Labiate  plants ;  as  also  of  certain  Ferns,  such  as 
Lttftraa  ThefypUris,  and  of  the  Horsetails  (Equiseium),  &c.  When  the 
riuKMne  ia  erect  it  has  much  of  the  aspect  of  a  root ;  and  the  ordinary 
Ibnn  waa  termed  by  the  old  writers  a  premarse  root,  the  decay  of  the 
lower  end  giving  it  the  appearance  of  having  been  fpawed  off.  Examples 
of  tiiis  aie  not  uncommon,  as  in  the  Scabiosa  succisa — in  various  Umoel- 
fifens,  aa  Cieuta  virota  (fig.  24),  where  the  abbreviated  intemodes  form 
discoid  chambers  corresponding  with  the  fistular  intemodes  above,  and  in 
the  Lady-fern  (Athyrium  FUix-fiemma),  which  consequently  rises  above 
gioond  Oke  a  dwarf  tree-fern.  In  Sparganium  ramotum  we  meet  with  a 
carious  alternation  of  condensed  and  elongated  intemodes,  so  that  the 
liiizomea  appear  to  consist  of  a  number  of  corms  connected  together  by 
bnnchea  into  an  erect  candelabrum-like  assemblage. 

Fig.  26. 


6uid-8«uise( 


oreiiaria),  the  creeping  fibrous  rhisomea  rooting  at  the  nodes  and 
■ending  np  flowering  items. 


The  tme-leaf  Begion. — The  leafy  stem,  or  region  bearing  green 
fohaceons  organs,  grows  above  the  soil,  either  in  air  or  water,  ex- 
posed to  the  influence  of  light.  Its  form  and  structure  are  ex- 
tremely varied,  depending  chiefly  on  the  mode  of  development  of 
the  intemodes,  the  arrangement  of  the  leaves  and  mode  of  deve- 
lopment of  the  buds,  and  the  extent  to  which  its  existence  is  pro- 
longed. The  first  cause  regulates  to  a  great  extent  the  form  of 
the  axis,  the  second  the  mode  of  ramification,  and  the  third  the 
size  and  consistence  of  the  full-grown  organ.  The  principal  modi- 
fications may  be  most  conveniently  studied  under  the  heads  of-» 
1*  herhaeeaus^  and  2.  woody  stems. 
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Her'baceoiis  stems,  or  such  as  do  not  become  woody,  bat  die 
down  to  the  ground  in  winter,  are  produced  by  annual  and  biennial 
plants,  and  in  each  successive  flowering  axis  of  herbaceous  peren- 
nials ;  to  these  also  are  analogous  the  yearling  shoots  of  arbores- 
cent  plants.  Taken  by  themselves,  they  are  either  annual  or 
biennial ;  that  is  to  say,  they  bear  on  the  same  axis  green  leaves 
belonging  either  only  to  one  or  to  two  seasons  of  growth.  Annual 
herbaceous  stems  alone,  of  course,  occur  on  true  annual  plants : 
they  are  produced  also  by  those  perennial  herbaceous  plants  which 
send  up  a  flowering  stem  from  beneath  the  soil  in  spring ;  and 
with  these  are  to  be  included  most  plants  forming  bulbs  and 
corms. 

In  ordinary  annuals  the  plumule  or  terminal  bud  of  the  seed  shoots  up 
at  once  into  a  more  or  less  branched  floweriug  stem,  and  the  entire  plant 
dies  away  after  the  seeds  are  perfected  in  autumn.  Examples  of  this 
form  may  be  seen  in  the  Sweet  Pea,  Veronica  hederafolia  (kg.  13),  &c. 
In  many  perennial  herbaceous'  plants  forming  rhizomes,  and  in  most 
bulbous  plants,  a  subterraneous  bud  shoots  up  m  the  early  part  of  each 
season  of  growth,  bearing  green  leaves  and  forming  a  flowering  stem 
(flg.  23,  b)  f  in  the  autunm  the  whole  of  these  structures  disappear  (c,  ^), 
while  resting  buds  (a)  are  formed  in  the  axils  of  the  lower  leaves  beneath 
the  soil,  to  repeat  the  growth  in  the  following  season.  We  have  examples 
of  this  kind  of  stem  in  the  Solomon's  Seal,  Garden  Fsdony,  Aconite, 
Asparagus,  &c.  The  young  fleshy  shoot  with  rudimentary  leaves  which 
these  plants  form  in  early  spring  is  sometimes  called  a  turio  (this  is  ex- 
emplified in  the  edible  part  of  the  Asparagus).  The  leafy  flowering 
stems  of  bulbs  and  tubers,  such  as  those  of  the  Lily,  Potato,  Orchis,  &c., 
furnish  further  examples  of  the  annual  herbaceous  stem. 

Biennial  herbaceous  stems  are  found  in  true  biennials  and  many 
herbaceous  perennials.  They  are  distinguished  by  the  lower  part 
of  the  axis  producing  green  leaves  in  one  season,  and  the  upper 
portion  growing  into  a  flowering  stem  in  the  following  year. 
Generally  speaking,  the  internodes  are  little  developed  in  the 
growth  of  the  first  season,  and  the  leaves  are  often  lai^er  as  well 
as  more  crowded ;  they  also  frequently  die  away  early  in  the  second 
season. 

Examples  of  the  biennial  herbaceous  stem  are  o  be  found  in  such 
true  biennial  plants  as  the  Turnip,  the  lliistle,  Parsley,  &c.  Here,  when 
the  seed  is  sown,  it  produces  a  stem  with  scarcely  developed  internodes, 
supporting  a  number  of  leaves  which  form  a  kind  of  tuft  or  rosette  upon 
the  ground ;  this  growth  remains  almost  at  rest  during  the  winter,  and 
in  the  succeeding  spring  the  terminal  bud  shoots  up  into  a  flowering 
stem.  Sometimes  several  axillarv  buds  also  grow  up  into  flowering  stems, 
giving  rise  to  the  condition  called  "  radix  muUiceps : "  this  may  occur 
either  in  biennials  or  perennials.  A  similar  kind  of  stem  is  found  in 
such  perennial  herbaceous  plants  as  the  common  Daisy^  the  Dandelion,  &c., 
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vEs«  axillary  bads  are  produced  at  the  base  of  the  dying  flowering 
•>a  in  autumn,  and  erow  up  above  ground  at  once  to.  form  leaf}r  tufts, 
kdng  throu^  the  winter,  and  giving  birth  to  flowering  sterna  in  the 
a-j;:  season. 

OAets,  Bmrners,  etc. — ^The  leafy  shoots  of  perennial  plants, 
vhh  their  axis  and  adventitious  roots,  may  be  separated  artificially, 
ird  a«d  for  propagating  the  plant  (gardeners  call  this  ''  parting 
tbe  roots'*)  ;  ana  certain  plants  are  naturally  multiplied  in  the 
tKoe  way,  by  bnds  or  branches  which  have  received  special  names. 
Hi  115  the  herbaceous  flowering  stems  of  the  Uouse-leeks  (Semper^ 
nrumX  after  flowering,  produce  buds  in  the  axils  of  their  lower 
l-^aves  which  expand  into  leafy  rosettes.  The  parent  stem  dying 
iown,  these  are  thrown  off  as  detached  plants,  and  strike  root ;  in 
tjie  following  season  they  send  up  a  flowering  stalk  and  repeat  the 
process.  The  separating  tuft  formed  in  the  autumn  is  called  an 
"fset  or  stolon.  The  Strawberry-plant  in  like  manner  produces,  in 
tti^  axils  of  its  leaves,  buds  which  in  the  same  season  expand 
ft-Teral  of  their  intemodes,  and  form  long^  filiform  branches,  the 
teds  of  irhich  give  rise  to  rosettes  of  leaves,  and  strike  root,  and 

Fig.  26. 


Eira«  berry -pknt  with  runners. 

thus  form  independent  plants:  such  shoots  are  called  runners 
(fig.  26).  In  aJl  these  cases  the  herbaceous  flowering  stem  is  of 
two  yean^  growth,  its  branching  portion  belonging  to  the  autumn, 
the  ascending  flowering  portion  to  the  succeeding  spring  or 
frominer. 

Special  names  hare  been  given  to  certain  forms  of  the  herbaceous  stems, 
•ome  of  which  toe  not  very  definite.    Botanists  sometimes  call  the  stem 

of  Crnseea  a  culm, 

n 
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Woody  stem.  Buds. — The  stem  characteristic  of  arborescent 
plants  presents,  itself  in  two  principal  classes  of  form : — one, 
where  it  is  branched,  constituting  a  trunk  (truncus) ;  the  other, 
where  it  is  an  unbranehed  column,  bearing  its  foliage  as  a  terminal 
crown,  forming  what  is  sometimes  called  a  stock  (caudex). 

These  differences  depend  upon  the  number,  position,  and  mode  of 
development  of  the  buas,  only  a  few  of  which,  m  most  cases,  lengthen 
into  shoots,  the  others  becoming  arrested  in  their  growth.  When,  as  in 
Dicotyledonous  trees  generally,  axiUary  buds,  or  those  formed  on  the  side 
of  the  stem  in  the  axtls,  or  point  of  junction  of  the  leaf  with  the  stem, 
are  developed  into  branches,  we  find  a  ramified  trunk ;  when  the  terminal 
bud  alone  unfolds,  as  in  most  Palms,  the  globular  and  colunmar  Cactacese, 
and  the  Cycadacefe,  a  simple  columnar  caudex  is  formed. 

It  is  evident  from  this,  that  the  mode  of  branching  of  a  stem  luunt 
be  essentially  dependent  on  the  arrangement  of  leaves;  but  a  com- 
plication arises  from  the  frequent  suppression  or  non-development  of 
the  axillarv  buds,  often  according  to  a  regular  plan ;  and,  in  fact,  it 
is  very  seldom  that  all  the  axillary  buds  of  a  stem  are  developed  (figs. 
27  &  28). 

Fig.  27.  rig.  28. 


Fig.  27.  Plan  of  indefinite  ramification,  with  development  of  terminal  and  axillar  j  ahootft. 
Fig.  88.  Flan  of  definite  ramifloaiion,  with  arrest  of  the  terminal  and  derelopment  of  the 
axillary  buds,  producing  bifurcation. 

This  abortion  of  axillary  buds  is  most  extensively  displayed  in  Mono- 
cotyledons ;  for  the  frequent  existence  of  dormant  buds  m  the  leaf-axils, 
even  of  Palms,  is  shown  not  only  by  the  occasional  production  of  isolated 
lateral  shoots,  but  by  the  frequent  and  in  some  cases  constant,  development 
of  buds  in  the  axils  of  Uie  basilar  leaves,  forming  suckers  round  the  base  of 
the  stem.    A  similar  phenomenon  occurs  in  the  propagation  of  &ti/&9,  &c. 

Among  Dicotyledonous  plants,  the  infiuenceof  the  suppression  of  buds 
in  regular  order  is  very  great.  In  the  Labiates  we  have  opposite  leaves ; 
and  as  pairs  of  axillary  buds  are  developed,  the  ramification  is  generally 
very  symmetrical ;  in  some  of  the  Cart/c^hyllacea  with  sinularlv  decuatate 
opposite  leaves,  one  axillary  bud  only  is  developed,  and  the  otner  is  sup- 
pressed at  each  node,  so  that  the  branches,  arising  one  by  one,  stand 
spirally  arranged  upon  the  stem.  In  the  Firs,  the  branches  often  appear 
to  arise  in  whorls,  owing  to  the  periodical  development  of  a  number  of  buds 
in  the  axils  of  closely  succeeding  spirally  arranged  leaves,  with  ^eng 
intervals  of  total  abortion. 
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Some  trees  grow  year  after  year  from  the  terminal  bud,  which  closes  up 
into  a  winter-bud  la  autumn  (fig.  30).    In  the  Elm  &c.  the  terminal 

bod  is  not  developed  in  the  autumn,  and  the  axillart  bud  next  below 

coDtiiuies  the  growth.    In  the  Horse-chestnut  the  terminal  bud  of  the 

aimasl  shoot  resolves  itself  into  an  inflorescence,  and  the  growth  of 

the  next  year  depend.*  upon  the  axillary  buds;  the  same  is  the  case  in  the 

Lilac  (Syrinffa  tulgariH)  (tig.  29),  in  which,       «.^  qq  t?;„  on 

bowerer,  in  this  country,  the  terminal  bud  is      *^^*  ^'  ^^'  '^^ 

g^enlly  abortive  or  suppressed,  and  the  pair 

of  axillary  buds  next  below  produce  bios- 

wm,  causing  still  more  marked  bifurcation 

of  the  branches. 
As  a  general  rule,  of  course,  the  frequent 

rappressioQ  or   conversion    into  blossom  of 

tfrrminal    buds  tends   to   produce  a    bushy 

Biode  of  growth,  and  rice  versd.    In  addition 

to  this,  the  relative  force  of  development  of 

terminal  and  axillary  buds  is  very  important 

in  determining  general  form,  as   we  see  in 

comparing  the  BLsu^k  Poplar  with  its  common 

tall  variety  the  LiomlMudy  Poplar,  or  Coni- 

(tim&  trees  generally  with  deciduous  ti*ees. 

Even  among  the  individuals  of   the  same 

epedes  we  observe  great  differences  in  this   ^^;  ^- f  ^****  "i  %*  ^l^^  ^^ 
*^,  ,^^  .  1  «.^.  ■troyea  down  to  tne  nrn  Mir 

T^ijipect,  dependent  on   external  conditions;      ofaxillftrrbuds. 

fcffboth  Dicotyledonous  trees  and  Conifers   Pig.  .m  A  sWt,  with  a  termiii*! 

differ  much  in  the  relative  proportion  of  main      ;?„';?  ~"*»^  '***^  *"*^' 

tTTink  and  branches,  when  gprown  in  close 

plantations,  or  standing  in  open  situations. 

Ordinarily,  only  one  bud  exists  in  an  axil 
'%.  30,  h) ;  but  frequent  exceptions  to  this 
occur,  as  in  some  species  of  Maple,  in  Honey- 
suckles (fig.  .31),  and  in  the  W  alnut  How- 
ever, one  of  these  is  generally  much  larger 
than  the  rest,  and  is  called  the  principal  bud, 
while  the  others  are  accesaory. 

In  some  plants,  as  in  many  Solanacese,  the  buds  occur  in  an  irregular 

?>»iHon,  arising  from  the  stem  at  a  little  distance  above  the  leaf-axils, 
his  is  supposed  to  be  due  to  the  adhesion  of  the  bud  with  the  stem, 
and  its  upufting  with  the  latter  as  it  lengthens. 

The  Trunk  of  arborescent  plants  arises  as  an  herbaceous  stem 
from  the  seedling,  but  usually  becomes  more  or  less  woody  before 
the  close  of  the  first  season  ;  in  the  autumn  it  ceases  to  develop  in- 
temodes  at  its  point,  and  the  terminal  bud  closes  up  into  a  resting 
vinter-bud  enclosed  in  leaf-scales  ;  buds  of  the  same  sort  are  pro- 
duced in  the  axils  of  the  leaves  ;  and  all  or  part  of  them  open  in 
the  following  spring,  to  produce  a  second  generation  of  axes  in  the 
form  of  9hooU',  the  same  process  being  indefinitely  repeated,  a 
bmncfaed  trunk  is  produced.    If  the  central  stem  is  not  much 

d2 


(ft.  ft.  ft). 


Fig.  31. 


NameroQS  azilliiry  l>iidfl  of 
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Fig.  32. 


elongated,  and  the  lateral  ramifications  are  numerous,  the  result  is 
a  Fhrubby  plant ;  i£  the  growth  of  the  main  trunk  predominates  for 
a  long  time,  but  ultimately  slackens,  and  the  side  branches  grow 
more,  the  form  seen  in  ordinary  trees  appears,  where  the  top  of  the 
tree  is  more  or  less  globose,  as  in  what  are  called  "  round-headed  ** 
trees,  like  the  elm  ;  while  if  the  growth  of  the  central  stem  by  the 
terminal  bud  is  predominant  throughout  life,  we  have  tall  straight 
trunks  with  comparatively  small  ascending  branches,  such  as  are 
seen  in  the  Lombardy  Poplar,  which  is  an  instance  of  ufastigiaie  tree. 

The  originally  cylindrical  form  of  trunks  often  undergoes  considerable 
alteration  with  age,  depending  upon 
peculiar  modes  of  development  of 
the  woody  structure  withm.  Irre- 
gular prominences  occur  commonly 
on  such  old  timber-trees  as  have 
lar^e  branches,  greater  enlargement 
takmg  place  in  the  line  between 
the  base  of  the  branches  and  the 
roots;  this  is  often  seen  on  old 
Oaks.  Some  tropical  trees  produce 
vast  buttress-like  proiections  in  the 
same  way.  The  forms  of  the  trunk 
of  the  woody  climbing  plants  of 
tropical  forests  present  very  remark- 
able irregularities,  arising  either 
from  a  twming  habit,  or  from  ir- 
regular development  cau.«ed  from 
lateral  pressure  or  otherwise.  In 
some  kinds  of  Bomhai  (fig.  32), 
and  in  Delabechea  (Bombaceffi),  the 
trunk  is  swollen  out  in  the  shape 
of  a  great  flask  between  the  root 

and  the  main  branches.  Tronk  of  a  Brazilian  Bombax, 

The  StocJc  or  caxidex  is  an  undivided  woody  trunk,  produced  by 
the  annual  unfolding  of  a  single  terminal  bud.  Its  internodes  are 
commonly  little  developed,  so  that  its  sides  are  marked  with  the 
scars  of  its  fallen  leaves ;  sometimes,  however,  the  internodes  are 
developed,  and  then  the  stock  has  a  jointed  appearance,  from  scars 
or  actual  articulations  at  the  nodes.  The  stocks  of  the  Cactace© 
are  remarkable  for  their  form  and  consistence  (figs.  35-37) ;  their 
lateral  buds  are  developed  into  tufts  of  spines,  which  are  the  repre- 
sentatives of  the  leaves  of  undeveloped  branches. 

The  stock  of  the  Palms  exhibits  considerable  variety  of  form.  In  the 
Cocoanut-  (Cocoa)  and  Date-palms  the  internodes  are  scarcely  developed, 
and  the  scars  of  the  leaf-stalks,  arranged  in  spiral  order,  cover  the  sides. 
The  same  holds  p^ood  of  the  stock  of  Cycaa  and  its  allies,  of  Xatdhorrhcea^ 
and  other  arborescent  Monocotyledons,  and  also  of  the  stock  of  the  Tree- 


THE  STE»,  37 

im  (%  S4).  In  oth-n'  etises  an  intamode  is  more  or  lesa  developed  be- 
^-ra  t*cb  leaf,  and  the  stem  ia  marked  hy  a  succeasioD  of  scars  riiiiiiui)r 
a•.^t  roood  the  stem  (lijr.  33),  as  in  Mauritia  and  Astiocaryum  vuigare ; 
3  'i'vuowu  and  Chamctiforea  the  intemodes  are  developed  imd  the  nodes 
i:ick-aed,  m  as  to  appear  eilernallj  aomevrhat  like  those  of  the  sterna  of 
<-rM«s,  bat  tbev  are  not  really  articulated  nor  hollow  like  the  latter. 
Tji  taiiJrs  ot  llie  Palms  furaiahing  the  common  Oane  {CaUimui)  ia 
ca-ij  diitinguuhed  from  the  la«t  hj  the  aleudemess  and  extreme  length. 
Fig.33. 


»h)it  btCTDodea.  Many  of  these  Palm-stocks,  which  are  simple  in  their 
|irb-lp(l  mass,  send  out  axillarj  buds  at  or  below  the  ground,  which  form 
KMXR,  and  ultimatslv  grow  up  independentl;  of  the  parent.  The  aerial 
f-^ii  of  a  few  branch  nigh  above  the  ground,  aa  in  the  Doum-palm 
ud  in  Amdoaiu  (fig.  10),  where  the  terminal  bod  appears  to  undergo 
'™«KJi-ebifttrcalion»,  but  really  aenda  off  at  intenals  single  ftxillarybuda, 
:ii;  deidopment  of  which  soon  equals  that  of  the  parent  axis,  and  causes 
il*  deBectioB  of  the  latter  M  as  to  give  a  forked  appearance.  A  similar 
""■de  of  growth  ia  observed  in  certain  Humodoiaceie  (arborescent  Mono- 
Mjledoos,  natives  of  S.  America),  alao  in  the  Liliaceous  genus  Yacca. 
TIk  rtockj  of  some  of  the  Cactacese  are  undivided,  aa  in  MHoeactu*  (fig. 
'^1.  Eelntoaidiu,  and  Mamiliaria,  &c. ;  but  in  others  a  few  brauches 
"•^■pving  a  nompoimd  characler,  a«  in  varioua  species  of  Cereui  (tig. 
"'>udin  the  leaf-like  stalks  of  Opantia{&g.d6).  Analogous  structures 
"x^  ia  liirrigu  speciee  of  £uphorbta. 
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Fig.  38. 


F%.  36.         Rg.36.     rig.  a 


rUl.36.  RteiB  a Op'iUia.       Wn- M.  Bum  of  Iftloeattia. 

Fig.  8T.  Cyl[iulri.ml  ud  ribbed  ■torn  of  Ortu,. 

Fi|t.  se.  Diunin  Id  illuitmc  the  utnn  of  ■  iijiD]iodr.  ths  imperfKt  h 

■dhi'BioD)  oT  ItJiTiu,  And  Che  upliltiDg  df  the  UUrrnilh  thir  j^owui  oi  ui«  vnooi; 

oneoflholeATViof  thflpnnuTT  iIioDll,ia  itB  ordinuy  poiitifm.     I  h.  uaathrr  Ir^f 
of  the  Bimis  ihoot  idhrnul  (a  or  nndiitKlied  from  2,  the  ahDot  pndurd  in  the 

Imea  loi  2h  (rowi  In  (he  lune  muDer  ud  otben  lUHredit.    IhepoRiuaaf 
thflmuD  asi*  aurked  1.?,  9,«,&iii  ooe  Tcrtioal  line  ijasjinpodFrb^iD^oompoaed 

BamiflcatioiL — The  wme  general  metliodB  occur  in  tbe  bmnching  of 
roota,  of  HlemB,  of  leaves,  and  of  inflorescencefi,  and  indeed  are  also  met 
with  iu  purely  cellular  plants,  as  in  AJgte  and  FuDf^'  Cavlerpa,  though 
strictly  uniceUular,  haa  mimic  stem-hraDchea,  leaves,  and  routs.  Growth 
takes  place  by  means  of  growing  points  (pwiKta  vegetatioma),  which  will  be 
more  fully  described  under  the  head  of  Minute  Anatoaiy,  and  which,  in 
the  CAse  of  stems,  are  enclosed  within,  and  form  the  central  teTminal  niuss 
of  thebuda.  The  growing  point  is  terminal  or  lateral,  primary  or  secondary. 
If  at  the  end  of  a  shoot  or  brnnch  it  ia  terminai  and  primary,  or  of  the 
_fir»t  deffree;  if  at  the  side  of  a  shoot  it  is  lateral  and  secundary,  or  of  the 
teamd  detjree.  In  the  Utter  case  it  is  lateral  because  it  is  pushed  out  from 
the  side  of  the  primary  shflot  beneath  it^opei,  and  it  ia  secondary  because 
it  is  necessarily  formed  after  the  primary  growing-point,  and  belongB  lo 
a  subsequent  generation.  In  like  manner  we  miiy  have  in  succession  ter- 
tiary buda,  or  shoots  of  the  third,  fourth,  fifth  d^ree,  and  ta  on. 
Koaopodial  branchmg. — By  the  growth  of  terminal  buds  or  growing 
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:<>!iitd  the  stem  ia  contiiiuouBlj  lens^ened  in  one  direction ;  by  the  deTe- 
•.pment  of  lateral  ones  fTom  below  upwards  (acropetal)  it  becomes 
b«acfaed«    This  mode  of  growth  is  callea  monopodtal  (fig.  27). 

Didkaionnf. — In  some  instances  (e.  y,  the  tendrils  of  some  yines,  the  roots 
|>f  Lyeopoda,  and  frequently  in  Cryptogams)  the  terminid  growing-point 
bif iircatea.  Each  pair  of  new  shoots  so  formed  is  then  of  the  same  degree  or 
>  rrier,  because  eacn  is  formed  from  the  same  original  growing- point  and  at 
:b«  same  time.  The  growing-point  may,  in  this  manner,  divide  into  several 
iivisioDs  of  the  same  generation  or  relative  order.  The  shoots  formed 
dxhotomoualyy  as  above  explained,  are  monopodial  or  indefinite  as  to  their 
nailkation,  and  mar  grow  equally  and  regularly,  or  the  growth  may  be 
ustrsied  in  certain  of  them,  and  hence  may  arise  much  dmerence  in  the 
ira«iance  of  the  mode  of  branching. 

uicktaiuxn. — In  the  foregoing  illustrations  the  terminal  growing-point 

"hiter  continues  to  lengthen  as  growth  goes  on,  or  it  divides  into  divisions 

A  equal  degree,  thou^  often  of  unequal  vigour.    But  it  very  commonly 

iL£f  pens  that  the  terminal  growing-point  or  bud  ceases  to  grow  after  a 

tiaie  (figs.  28,  29).    This  may  happen  accidentally  or  from  the  effects 

A  frost  or  other  injury,  however  caused,  or  it  may  occur  constantly 

9iA  Datnrally,  as  in  maxiy  trees,  e.  g,  the  Lilac  {fig.  29).    When  arrest 

<f  growth  in  the  terminal  bud  takes  place  in  the  manner  just  indicated 

*jm  lateral  buds  often  grow  so  vigorously,  and  are  so  closely  placed, 

that  they  appear  to  radiate  from  the  same  point  as  if  they  were  formed 

^  dichotomy  of  the  terminal  ffrowing^pomt.    This  false  or  apparent 

iLhotomy  is  sometimes  called  u  aichtmum  or  false  cyme  (fi^.  28). 

Sjmpode. — When  in  the  case  of  a  dichotomous  ramification  one  of  the 
ivifiions  grows  more  vigorously  than  the  other,  or,  which  amounts  to  the 
Ame  thing,  when  one  of  them  is  arrested  in  its  growth  or  altogether  sup- 
pKssed,  then,  although  the  two  divisions  are  of  equal  degree  and  age,  yet 
tke  stronger  of  the  two  presents  the  appearance  of  and  grows  in  the  same 
dhection  as  the  primaiy  shoot,  while  tne  smaller  one  is  often  pushed  on  one 
rkie,  so  aa  to  Iook  like  a  lateral  shoot  of  a  subordinate  degree  (fig.  3S),  The 
tppeaxance  may  thus  be  that  of  a  continuous  shoot  formed  by  the  extension 
uf  aoe  growing^point  and  giving  off  lateral  branches ;  but  in  reality  the 
iLoot  is  not  the  result  of  the  extension  or  bifurcation  of  on§  growing-point, 
but  of  a  number  of  growing-points  of  different  generations  formed  in  suc- 
cession one  after  the  other.  In  this  way  what  is  called  a  st/mpode  is  pro- 
doted,  and  ramification  so  characterized  is  sympodiaL  This  arrest  of 
growth  may  take  place  regularly  or  irregularly,  producing  corresponding 
sanations  in  the  form  of  the  ramifications :  thus,  supposing  a  branch  to 
(iiiide  into  a  number  of  subdivisions  by  repeated  bifurcations  to  the  right 
band  or  to  the  left  respectively,  it  may  happen  that  all  the  shoots  on  the  one 
e^de  are  arrested  in  their  growth  as  compared  with  those  on  the  other.  Or 
it  may  happen  that  the  arrest  of  growtn  may  take  place  first  on  one  side 
asd  then  on  the  other  in  regular  alternate  order.  AH  these  modifica- 
tionfl  may  he  seen  in  the  mode  of  branching  in  various  cellular  Cryp- 
togams as  well  as  in  higher  plants. 

CharacterB  of  the  Siem  and  Branches.— In  the  description  of  stems 

and  blanches  generally,  certain  technical  terms  are  in  use,  in  addition  to 
those  above  explained.    These  refer  principally  to — a.  comittence ;  b.  direc" 
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tion  and  habk  of  growth ;  cfortn ;  d.  condiiwn  of  surface ;  e.  ratrnfication ; 
and  f.  dimensions, 

a.  Consistence. — ^The  terms  herbaceous  {herhaceus)  and  vwtdy  {Ugnosus) 
need  no  further  definition.  Some  stems  siejkshy  or  succulent  {camosus\ 
as  in  Cactus,  &c.  Most  stems  are  solid  (soUdus) ;  those  of  the  majority 
of  Grasses  and  the  Umhellifer»  (Carrot,  Celery,  &c)  and  the  Horsetails 
(^Equisetum)  are  hollow  or  tubtUar  (Jistulosus). 

b.  Directum.— ^tQm%  may  be  truly  erect  (strictus\  Jlexuous  (Jleacuosus) 
or  nodding  (nulanSf  cernuus).  Stems  which  turn  upwards  from  a  horizon- 
tal  base  are  called  ascending  ^  ^ 
(ascendens);  those  lying  along  J!j' 
the  ground  without  rooting 
are  procumbent  or  prostrate 
(decumbenSf  procumbens,  hu- 
mifusus)  (fig.  39) ;  if  a  pro- 
strate stem  roots  at  its  nodes, 
it  becomes  creeping  (rq>en8). 
Slender  stems  neither    lying 

on   the    ground    nor   crec^ning  Procumbent  rtem  of  Thyme. 

may  be   pendent    (pendulous) 

when  growing  on  rocks  &c.,  and  floating  (Jluitans)  when  growing'  in 

water.     Weak  stems  also  rise  from  the  ground  as  dimbing  {scandens)  or 

tivining  (volvbilis)  stems. 

Climbing  stems  support  themselves  in  various  ways : — the  Ivy  by  tufts 
of  adventitious  roots,  which  attach  themselves  fimuy  to  foreign  bodies ; 
the  climbing  species  of  Cle7natis  and  the  CanRry-cree^T  (Tropaolum  pere- 
grinum)  by  hooking  their  leaf-stalks  round  the  support ;  other  plants  by 
tendrils,  as  the  Vine,  Peas,  Cucurbitacete,  &c. 

Twining  stems  coil  themselves  spirally  round  the  supporting  body, 
turning  sometimes  in  one  direction,  sometimes  in  the  other,  as  in  the  Hop, 
Convolvulus,  Cuscuta,  &c.  If  the  direction  from  below  is  from  the  left 
upwards  to  the  right  hand  of  the  observer,  supposed  to  be  standing  in  the 
position  of  the  body  around  which  the  coil  winds,  the  coil  is  said  to  be 
dextrorse,  if  in  the  opposite  direction  sinistrorse ;  but  by  some  writers  the 
observer  is  supposed  to  stand  in  front  of  the  coil,  and  then  the  application 
tf  the  terms  is  reversed.  Some  of  the  tropical  twiners  produce  woody 
orunks  resembling  large  cables. 

c.  Form, — The  principal  variations  in  form  are  designated  bv  terms  re- 
quiring no  explanation,  such  as  cylindrical  or  terete,  conical,  columnar^  &c. 
If   a  stem  presents    thickenings      --      -^  rx     a^         -c     ^o 

opposite  the  origin  of  the  leaves       ■"?•  *0-  ■^-  41.        Fig.  4i. 

(nodes),  it  is  called  knotted  (no- 
dosus) ;  the  reverse  condition, 
when  there  are  constrictions  at 
intervals,  is  called  jointed  (articti-^ 
lotus).  Other  terms  refer  to  the 
shape  as  displayed  in  a  cross  sec- 
tion of  the  stem.     A  stem  is  terete  JJg-  40.  A  tnqnetroua  item. 

(teres)  when  it  presents  a  circular  fjl;  ^j  ^  Si^^'l^I^  °'  "»~"  '*^"- 

section ;   compressed  (compressus) 

when  the  section  is  elliptical ;  angular  when  the  section  is  polygonal,  under 
Tvhich  head  are  distinguished,  in  a  three-angled  stem  for  example,  tri^te- 


trtmi  if  tbe  thiee  angles  are  i>barp  (6g.  40),  triangular  if  they  nre  nbout 

lifbt  aiiglBt,  and  trii/atiau  wlien  the  angles  are  j^  ^ 

obCiae    or    rounded    olF.     When    the    aurfacu  ^' 

yrtmaie  a  gteat  number  of  toDgitudioal  lidp^s, 

:I  u  called  ribhtd  (tig.  42);  numerous  longitu- 

diuil  grooves  render  it  fmrmned  (tulcatra).     In 

some  raaex  the  projecting  >iw|es  of  stems  are 

riagtJ  {alattu),  as  in  many  Thistles;  in  other 

cues  the  stem  or  branch  is  flnttened,  so  as  to 

niKDible  a  leaf,  in  which  case  the  term  tladode 

U  applied,  as  in  Raaau  (fig.  43).     Such  leaf'like 

branchea   or  riadoda   are  diatinguishable  from 

true  leaves  bj  their  aiillarv  poaition,  mode  of 

origin,  internal  structure,  and  by  the  circumstance 

that  they  bear  flowera.  Polimoni  olndodtaof 

Then/iejofastemnrbnuich  is  usually  pointed  Aiwu  mWutu. 

(voonieal,bat  it  may  be  globose  or  concave,  as  ill  the  flowrr-stalk  of  H  Horn, 

d-  The  na^aet  of  a  stem  may  be  anooth  (Iceeia)  or  ttrtale  (ifi-iataa),  i.  e. 
marked  with  line  groovea  and  rid)^s.  It  mny  be  devoid  of  epidennnl 
appendages  or  glabrou*  {glaber),  or  furnished  with  a  more  or  less  dense 
xM  of  hairs,  bristles  (««(o(ua),  or  thorns  (apinotra).  Similar  terms  are 
Mill  more  commonly  applied  to  the  surfaces  of  Uaaet. 

e.  MatmficaiioTt. — A  stem  is  either  timple  or  branched ;  if  the  ramifica- 
lioD  is  eicessive,  it  is  called  much^iranched  (ramiituiimut).  The  branches 
tuy  be  ertel,  tpreading  (jHilnu),  otdttrelt-hed  (dioaricatut),  defiexed  {de- 
fitxiiMf,oir patdtitotit  (patdultu).  These  qualities  especially  aJfect  the  crown 
trbead  of  trees. 

f.  Uimtmioiu. — Different  terms  are  applied  to  plants  with  woody  sterna, 
vcotding  to  their  size  and  mode  of  branching.  A  tree  (arbor)  ia  a  plant 
with  ■  woody  trunk  and  branched  bead.  A  shrub  or  bush  (fruUr)  is  a 
kind  of  dwarf  tree,  vbere  the  miUD  trunk  is  little  developed,  but  the 
latenl  branches  very  much  so.  Under-thnA  (/hitieuiiii)  is  the  dimi- 
DDitTe  of  this. 

Sect.  4.  The  Le&p. 

LeaTes  are  the  lateral  organs  issuing  from  the  ascending  portion 
of  tbe  atein  and  its  branches  beloui  their  growing  points,  and  in 
general  are  flat,  expanded  plates,  produced  directly  from  the 
superficial  part  of  the  stem,  and  from  which,  after  a  certain  f*rm 
of  existence,  they  are  removed,  either  by  breaking  off  at  a  distinct 
joint,  or  by  decay. 

The  simplest  leaves  on:ur  ss  flat  plates  traversed  by  a  nerve,  as  in 
Hocaes.  In  many  Algte  and  cellular  Cryptogams  processes  of  the  thaUua 
niaj  be  seen  resembling  leaves  in  form  and  arrangement,  but  not  in  struc- 
ture. The  term  phyUome  is  used  in  a  comprehensive  sense  to  signify  any 
l«>f,  or  modification  of  a  leaf,  springing  from  a  catdome  or  axis.  Id  some 
cues,  as  iti  Cactus  t^gs.  35-87),  the  true  leaves  sre  absent,  their  office 
being  filled  by  the  green  stem.  Normal  leaves,  belonging  to  the  vege- 
taiira  svstem,  are  aloae  taken  into  account  in  this  chapter ;  the  modilied 
foliai  organs  composing  flowers  must  be  treated  separately. 
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Tbe  leaves  arise  from  and  mark  the  nodes  of  the  stem  ;  and  it 
has  been  already  stated  that  it  is  at  the  nodes,  in  the  €utnls  of 
leaves,  that  lateral  or  axillary  buds  are  as  a  general  rule  produced. 
From  this  it  follows  that  the  arraiigenient  of  the  leaves  must  be  of 
great  importance,  not  only  in  reference  to  their  own  relative 
positions,  but  as  determining  more  or  less  completely  the  plans  of 
ramification  of  stems.  It  is  found  that  the  modes  of  arrangement 
of  leaves  are  in  accordance  with  certain  general  laws  ;  and  a 
particular  study  of  these  laws  has  been  pursued,  under  the  name 
of 

Fhyllotazis. — Leaves  exhibit  two  principal  types  of  arrangement : 
either  they   are    solitary, 

Pig.  44. 


Rg.  46. 


one  only  occurring  at  a 
node,  or  two  or  more  spring 
from  the  stem  at  the  same 
level.  When  the  leaves 
stand  alone,  they  are  said 
to  be  aUemate  or  scattered 
(fig.  44);  where  two  stand 
at  the  same  level,  facing 
one  another,  they  are  called 
opposite  (fig.  45);  and  if 
more  than  two  originate 
at  one  level,  forming  a 
circle,  the  leaves  are  called  '^^  ^  -Dx^^^^^rr^j^^tn^^ntiaBiumMU  dirti- 

uhorled       or       verticillate.    Vig,  4fi.  Diagram  of  the  axnagemeBt  of  deoanate  op- 

Very  rarely  two  leaves  ap-  ^"^^  "^  tetr-tichou.  ic^eiu 

pear  to  spring  from  the  same  node,  as  in  what  are  called  geminate 
leaves  {Solanum),  This  condition  is  supposed  to  arise  from  irre- 
gular displacement  and  partial  adherence  of  one  of  the  leaves  to 
the  stem,  or  from  division  of  one  leaf  into  two. 

Really  whorled  leaves  are  not  so  common  as  is  sometimes  imagined, 
the  whorled  condition  being  imitated  in  some  cases,  as  in  many  Stel- 
latro,  by  an  excessive  development  of  interfoliar  stipules ;  truly  whorled 
leaves  are  seen  in  Paris  and  MyriophyUum.  Kepreeentadves  of  the  two 
principal  types  are  found  in  the  embryo  of  Monocotyledons  and  Dicoty- 
ledons— the  former  having  a  solitary  cotyledon,  the  latter  having  two, 
placed  the  one  oppoeito  to  the  other  (fig.  3) ;  but  this  opposite  arrange- 
ment of  the  cotyledons  is  not  always  associated  with  a  like  disposition  of 
the  true  leaver. 

AUemate  leaves  exhibit  many  modifications  of  arrangement. 
Sometimes  they  are  truly  alternate ;  that  is,  the  second  leaf  is 
exactly  on  the  opposite  side  of  the  stem  from  the  first,  and  the 
third  exactly  over  the  first ;  a  series  of  leaves  arranged  in  this  way 


[unn  two  perpendicular  rovra.  Such  leaves  are  termed  di$tiehovB  or 
tn^r-TOHked  (tig.  44) ;  examples  of  which  are  found  in  the  Grasses. 

If  the  second  leaf  is  sot  opposite  to  the  first,  but  at  a  point  dis- 
uut  from  it  one  third  of  the  circumference  of  the  stem,  and  the 
ihird  leaf  one  third  further  round,  the  fourth  leaf,  likewise  distant 
one  tbird  from  the  preceding,  will  stand  over  the  first.  Leaves  so 
arranged  form  three  perpendicular  rows,  constituting  the  trutichovt 
oTtiufx-ranhid  arrangement,  which  ia  common  among  the  Mouch 
coifledons  (tig.  46). 

Now  when  a  line  is  drawn  round  the  stem  so  aa  to  pass  regu- 
Ivly  from  leaf  to  leaf,  we  find  that  its  course  is  tpiral.  Is  the 
■iatiduu$  case  the  spiral  line  starting  from  &n^  given  leaf  com- 
pleter one  circuit  ana  then  commences  a  new  one  at  the  third  leaf ; 
In  the  trwtUhooM  arrangement  the  spiral  completes  one  circuit  and 
be^s  a  new  one  with  the  fourth  leaf  (fig.  46).  The  series  of 
icvves  included  by  the  spiral  line  in  passing  from  the  first  leaf  to 
liuK  which  stands-  directly  above  it  is  calloi  a  cycle  (fig,  47)  ;  the 
fivtion  of  the  circumfereuce  of  the  stem  which  measures  the 
uigular  distance  between  any  two  succeeding  leaves  in  a  cycle 
■  bi'D  projected  on  a  plane  is  termed  the  angular  divergence.     In 


Fig.  47. 


Fig.  48. 


rig.  M.  Pn^srlioDofthe  t  UTUK^nient. 

Ptf .  ij.  HoricunU]  pnHifciioa  of  ft  c*cft  of  the  i  u 

Fi^.18.  Pmjcchcaorth.t.rrmDKemeiil. 

PiK.  49.  HoruoDtiU  prqi«ctiDa  of  ft  ejcHe  of  ths  \  fti 


tbe  diitidious,  represented  by  the  fraction  j,  it  is  one  half  of  360°, 
"  180";  in  the  tristichons,  or  j,  it  is  1:^0°. 
^^'eu  fractions  not  only  represent  the  angular  divergence,  but 
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aldo  the  entire  character  of  the  arrangement ;  for  the  numer&tor, 
ax  is  seen,  indicates  the  number  of  turns  of  the  apiral  forming  a 
cycle,  while  the  denominator  expresses  the  number  of  leaves  in 
that  cvcle. 

In  the  penlaatiehous,  quincaneial,  ot  five-ranheil  arrangement  the 
sixth  leaf  stands  over  the  first  (figs.  48  &  49),  commencing  a 
second  cycle;  but  the  spiral  line  passing  through  the  first  five 
leaves  makes  two  circuits  round  the  stem ;  moreover  the  successive 
limves  stand  at  a  distance  from  each  other  of  two  fifths  of  the 
circumference  of  the  stem,  or  144°:  while  the  expression  of  the 
angular  divergence,  ^,  indicates  also  the  number  of  turns  round 
the  stem  in  the  cycle,  and  the  number  of  leaves  in  the  cycle,  as 

The  next  degree  of  complexity  of  the  arrangement  is  where 

eight  perpendicular  rows  of  leaves  exist,  and  the  ninth  leaf  is  over 
the  first.  In  this  case  the  spiral  takes  three  turns  in  completiDg 
the  cycle;  and  the  expression  |  indicates  three  eighths  of  the 
circumference,  or  135°,  the  angular  divergence  of  the  successive 
leaves. 

When  we  place  the  foregoing  figiu^s  together,  thus :  j,  j,  f ,  |,  it 
will  be  observed  that  each  fraction  has  its  numerator  competed  of 
the  sum  of  the  numerators  of  the  two  preceding  fractions,  and  its 
denominator  of  the  sum  of  the  two  preceding  denominators ;  and  it 
is  really  found  that  ail  higher  compli- 
cations,  in  normal  conditions  of  stems,  *%■  "*■ 

exhibit  some  further  indication  of  the 
same  ratio,  and  are  marked  succes- 
sively by  -f\,  /y,  ii,  ^,  Ac.' 

The  simpler  forms  of  arrau^^meDt  are 
'"  '  ''       I    niarkud    by 


hi|;her  fractions  are  chieflj  found  in  plants 
with  the  leaves  much  crowded,  as  in  the 
Huuse'leck.  The  dr'slee  of  the  cones  of 
Pines  and  Pirs  offer  good  examples  of 
these  spitdl  arrangements.  The  fullnwin^r 
examples  may  be  mentioned  for  observa- 
tion ; —  BoKttf  oflfMTM  of  PlaidittQ  wfiim. 
Plani.  J^eaves  of  Grasses,  Vanda,Iru,  y™  froai.boTe;  i(«iU.™dq  d» 
Ghjdiolui,  Elm,  Lime,  4c.  '  '"* 

*  [The  nuLtheniBUclsn  irill  obserre  thst  theae  frActioni  are  the  mcceaiw 
eonvergents  of  the  eoniiniied  fraction  -zAA  *c..  and  that  soj  leaf  being  takm 
at  No.  1,  the  second  must  lie  between  120°  and  180°  from  it.     Ita  position. 


PUn  1.  LesTM  of  Sedf^  (Cartx,  Scirtna),  Tulip,  Alder,  Birch,  && 
fUn  i.  Le&vea  of  Apple,  Cherry,  Poplar,  Oak,  Walnut,  &c, 
PlioJ.  Lp»veBorRai,I'lantaiii"(i«aniaj,o)  (fig. 50),  Holly,  Aconit<>,&c. 
Plan  ,',.  Eyee  (bud-i)  of  Potato-tubera,  cones  of  Pmia  Slrobui  (fig.  51). 
IIm  y'i.  Cones  of  Spruce-fir  (Abin  excrUa). 

^'hpn  th«  leaves  ore  verr  numerous  nnd  much  crowded,  it  is  often 

iiiicull  to  trace   the  ftrndamentai  spiral,  an  the  Tertical  niiika  are  not 

Fig.  51. 


Cou*  of  Amu  Atnfru.  irilh  It"  »!••  in  »>»  i*,  uruigeiiimL 

MideDt    In  these  cases  the  arranKement  is  ascertained  by  studyiuff  the 
iar,     Tlie^e  are  more  or  less  numerous,  ac- 


y  spirals  which  appear,     '- .  ,.,.,.- 

Curing  as  the  fractional  expression  of  the  fondamental  spiral  is  hijther. 

For  eiample,  in  examining  the  cone  of  the  White  Pine,  a  complex 
ijdia   anangement  is  at  once  recogniied,  which  will  be  understood  bjr 
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reference  to  the  adjoining  diagram  (fig.  51).  Assume  any  scale  as  No.  1. 
Select  the  scale  over  it,  in  as  nearly  a  vertical  line  an  possible,  such  as 
that  numbered  14  in  fig.  61.  Secondary  spirals  parallel  to  each  other 
will  be  seen  rimning  to  the  right  and  to  the  left  hand.  Such  are  indi- 
cated by  the  numbers  1,  6,  11, 16,  &c.  to  the  left,  and  by  1,  9,  17,  &c.  to 
the  right  of  the  reader.  Or,  again,  very  depressed  spirals  are  formed  by 
the  scales  marked  9,  11,  13  Tnot  seen)  to  the  left,  and  by  6,  9,  12  (not 
seen)  to  the  right.  Of  all  sucn  spirals,  select  the  two  most  elevated,  which 
pass  by  and  overlap  the  scale  immediately  over  that  chosen  as  No.  1. 
These  will  be  the  spirals  indicated  by  the  numbers  1,  6,  11, 16,  &c.  to 
the  left  of  No.  14,  and  by  1,  9,  17,  2o,  &c.  pftA:<ing  to  the  right  hand  of 
that  scale.  Count  the  number  of  secondary  spirals  parallel  to  these  tvro 
respectively.  There  will  be  found  to  be  eight  such  parallel  spirals  in  all 
sweeping  round  to  the  right;  and^i;<»,  such  as  1,  6,  11,  16,  &c.,  to  the 
left.  Take  the  lowest  of  these  two  numbers,  or  5,  as  the  numerator, 
their  sum,  6-f-d;  or  13,  as  the  denominator,  and  -jV  ^^  ^  ^^  fraction 
required. 

To  prove  this,  numbers  must  be  assigned  to  every  scale  of  at  least  the 
first  cycle,  t.  e.  those  included  between  No.  1  and  that  numbered  14  in 
the  figure. 

Starting  with  the  scale  assumed  as  No.  1,  add  8  (that  is,  the  number  of 
parallel  spirals  to  the  right)  to  1,  and  write  9  on  the  next  scale,  as  in 
fig.  61.    Add  8  again,  and  write  17  on  the  next,  and  so  on. 

Again,  add  5  to  1,  and  write  6  on  the  adjacent  srale  on  the  left-hand 
spiral ;  add  6  to  6,  and  write  11  on  the  next,  and  so  on. 

Two  entire  secondary  spirals  intersecting  at  No.  1  will  thus  be  num- 
bered. 

To  number  any  other  scales,  we  may  start  from  either  of  these  spirals, 
alwavs  adding  6  to  the  number  of  any  scale  on  going  from  right  to  Itsft, 
and  d  on  going  from  left  to  right :  thus, 

6+8=14.     14+8=22, 
or,  9+5=14.    17+5=22. 

So  that  we  can  assign  by  either  method  the  numbers  14  nnd  22  to  the 
proper  scales.  Similarly  all  the  scales  of  the  cone  can  be  numbered. 
Only  those  of  a  lower  number  than  6  and  9  are  obtained  by  subtractum  of 
8  and  5.  Now,  it  will  be  seen  that  14  will  be  the  number  of  the  scale 
directly  over  No.  1.  This  proves  that  the  denominator  is  correct,  for 
there  will  be  13  scales  in  the  cycle. 

Secondlv,  having,  we  will  assume,  numbered  all  the  scales  of  the  cycle 
between  jS'os.  1  and  14,  if  the  cone  be  held  erect,  and  is  made  to  revolve 
while  the  eye  passes  from  No.  1  to  No.  2,  then  on  to  No.  3,  &c.,  up  to 
No.  14,  the  observer  will  find  that  he  revolves  the  cone  exactly  Jive  times. 
In  other  words,  a  spiral  line  passing  through  the  scales  1,  2,  3,  4  .  .  .  up 
to  14,  which  constitutes  one  cycle,  will  coil  five  times  round  the  axis. 

The  perpendicular  distance  between  the  points  of  origin  of 
successive  leaves  is  dependent  simply  on  the  degree  of  development 
of  the  intemodes  of  the  stem.  These  may  be  so  short  that,  as  in 
the  commqn  Stone- crop  {Sedum  acre),  Araticaria  imbricata,  &c,. 
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\he  learea  oTerbip  more  or  less  along  tbe  developed  axis ;  auch 
^TVfl  are  termed  imbricaU  ;  and  tiua  condition  is  verv  common  in 
the  )esf-«ca]e  forms  of  tbe  leaf.  A  great  number  of  n'ell -developed 
Inras  aiB  often  crowded  together  by  the  nou-development  of  inter- 
nodes  at  the  base  of  the  flowering  atema  of  perennial  herbs,  auch  as 
the  Tsnoott  Saxifrages,  the  Turnip,  Dandelion, 
Ac ;  and  whore  these  so-tailed  "  radical "  leaves  Tig.  62. 

ire  arr&nged  with  aome  regularity,  and  spread 
oat  horicootally  as  in  the  House-ieelts,  thev  are 
aaid  to  be  tufted,  erajritose  or  roxulaU  (fig.  50). 

A  somewhat  similar  condition  occurs  upon 
bnodtes  oi  some  trees,  on  which  a  number  of 
Invea  appe&r  to  spring  from  one  point,  as  in  the 
\^nii  (tig.  52)  and  tbe  Berberry;  the  collections 
of  fateieulaU  leaves  really  belong  to  a  branch 
tbe  iDtemodes  of  which  are  not  developed,  so 
that  they  all  spring  at  once  from  the  leaf -axil  rMdnUnte  Imtm  of 
in  which  the  branch-bud  was  formed.  •*>'  i*"*. 

In  other  Conifen  the  number  of  leaves  in  theM  bundles  is  emsUer  and 
m^r regular  and  characteristic;  e.g.,  in  Pimn  lyleutHs  two  leaver  are 
tboB  associated,  in  P.  Cembra  three,  io  P.  StnAiu  live,  &c.  In  those  buds 
t£  Uie  Larch  which  afterwards  unfold  into  shoots,  the  transitiou  from  a 
foKtemlate  into  a  re^lar  spiial  arran^ment  becomes  evident 

Oppotiu  and  whorUd  Unve*  likewise  exhibit  great  regularity. 
The  number  of  leaves  in  a  whorl  is  here  also  __ 

iometimes  expressed  by  a  fraction,  which  is     ^^^     *' 
eodosed  in  a  parentbeBiB :  the  denominator     ^"^    '^ 
in  this  case  indicates  tbe  number  of  leaves  in 
one  circle. 

Exsniidas  of  those  in  true  leaves  are  furnished 
\j  the  following  plants : — 

()l  ^an (opposite  leaves).    Pinks,  Lahiatra. 

(i)    „     Lytimachui  cuigarit,  Trillium. 

(J)    „     fyrii  juadrifalia. 

(f)    „     Myriopht/Uum  ptdinatum. 
SonetiiDM  the  numbers  vary  on  different  parts  of 
tbeamestem,  as  in  H^jpurit. 

Wheo  leaves  are  opposite,  the  pairs  are  Duffiwn  ordccomting 
■ImcBt  invariably   alternate";    that   is,  they  p-i"""«»'». 

cross  at  right  angles,  tbe  third  pair  standing  over  tbe  first.     Such 
Inres  an  cslled  deauxUe  (fig.  5^).    With  whorls  of  three  leaves, 

*  An  esception  is  seen  in  Potamogiton. 


48  MOBPHOLOOT,  OB  COMPABATIVE  ANATOMY. 

again,  we  usually  find  a  similar  alternation ;  the  leaves  of  the  second. 
\ihorl  stand  over  the  intervals  between  those  of  the  first,  tlie 
leaves  of  the  third  whorl  standing  over  the  leaves  of  the  first. 

[There  is  reason  to  believe  that  the  arrangement  of  alternate  leaves  lias 
resulted  from  the  development  of  the  internodes  between  opposite  leaves ; 
for  when  the  latter  occur  at  the  base  of  a  stem  and  alternate  leaves  above, 
it  will  be  found  that,  as  the  internodes  are  graduall v  developed,  the  leaves 
always  appear  in  succession  in  a  spiral  order ;  ana  most  nrequentl v  tlie 
sixth  falls  over  the  first,  that  being  the  Uut  out  of  three  pairs  of  decus- 
sating leaves ;  or  else  the  ninth  falls  over  the  first,  that  being  the  first 
leaf  of  the  fifth  pair.  The  leaves  on  becoming  alternate  soon  cease  to  be 
decussating,  and  gradually  acquire  their  proper  angular  divergence. 
Moreover,  as  decussating  pairs  of  leaves  can  give  rise  to  the  ordinary  series 
of  fractions,  |,  f,  -j^j,  /j,  so  alternating  whorls  of  **  threes  "  give  rise  to 
the  series  %,  -A,  ■^^,  lioth  kinds  can  be  well  studied  in  the  Jerusalem 
Artichoke.---G.  H.] 


d 
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Diacrnun  illas^'rattng  the  order  of  development  of  leaves  when  the  intemodeaara 
beginning  to  be  formed,  and  before  the  proper  angolar  divergenoefl 


Conversely,  if  the  internodes  between  the  component  leaves  of  any 
individual  spiral  cvcle  were  undeveloped,  while  those  between  successive 
cycles  were  lengthened,  a  vei-tioillate  arrangement  would  result.  In 
certain  plants  (for  example,  the  Myrtle,  the  Antirrhinum)  alternate  and 
opposite  leaves  occur  on  the  same  stem.  This  is  the  case  also  in  those 
Dicotyledons  where  the  true  leaves  succeeding  the  opposite  cotyledons 
are  alternate,  as  in  the  Scarlet  Bean,  Mustard,  &c. 

It  is  requidte  to  distinguish  between  simultanemu  ufhorls,  where  the  parts 
composing  it  are  developed  simultaneously,  and  successive  whorls,  where 
the  parts  are  developed  successivelv,  but  are  brought  together  by  the  non- 
development  of  the  internodes.  I'he  arrangement  of  the  leaves  in  the 
manner  above  indicated  is  to  a  great  extent  connected  with  the  deposition 
of  the  fibro-vascular  bundles  of  the  stem.  It  should,  however,  be  stated 
that  the  arrangement  of  the  leaves  on  the  stem  is  not  always  the  same  as 
that  on  the  branches. 

Certain  terms  are  in  common  use  in  descriptive  worfcs  to  indi- 
cate the  absolute  position  of  the  leaves  upon  the  stem.  The  name 
radical  leaves  is  applied  to  those,  usually  of  larger  size  than  the 
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iMt,  wkidi  are  often  found  collected  at  the  base  of  flowering 
rjtmB  of  herbaceous  plants,  such  as  the  Dandelion,  Lettuce,  Turnip, 
Pl^ntago  (fig.  11,  p.  21),  &c.  The  ordinary  leaves  of  the  stem  are 
xoi^imes  distingiiished  as  eaulxne  or  stem-leaves^  while  the  term 
ramal  h  occasionallj  used  for  those  on  the  shoots  of  trees  and 
thmbs  when  theee  present  special  characters. 

Tfae  leaTes  belonging  to  the  infloreseence  are  caUed  bracts.  Their 
phvilotazis  geneially  agrees  with  that  of  the  stem-leayes. 

The  point  whence  a  leaf  springs  from  the  stem  is  commonly 
ciCed  the  insertion.  Leaves  are  either  articulated  there,  separating 
Then  dead  by  a  distinctly  characterized  line  of  fracture,  or  they 
seiely  witiier  down,  and  leave  their  bases  as  a  ragged  covering  to 
liie  stem ;  the  latter  condition  occurs  mostly  in  leaves  with 
ikeathing  bosea. 

A  perfect  leaf  is  divisible  into  two  regions  (fig.  54) — ^the  hlade 
(9  loMtna  (6),  and  the  leaf -stalk  or  petiole  (c) ;  the  latter,  when 
present,  may  be  more  or  less  completely  represented  by  a  sJieath  or 
'BTUMi  (a),  partly  or  wholly  embracing  the  stem  from  which  it 
thaea.  At  the  base  of  the  petiole  often  occur  distinct  leaf-like 
appendages,  called  stipules.  All  parts  of  the  leaf — blade,  stalk, 
and  stipules — are  much  subject  to  modification,  and  may  even  exist 
ia  tbe  forms  of  tcndriiU^  spines^  pitcher-like  organs,  &c.,  very  unlike 


lPig.64. 


Rg.56. 


Diagram  of  the  reffiona  of  *  leaf: 


A  rt  liked  simple  leaf  equally 
oordato  lit  the  beae. 


i  regtona  oi 
•Tihcath;  M»lAd«:  «,ataUc 

regular  leaves.    These  metamorphosed  leaves,  or  parts  of  leaves, 
ue  best  treated  of  separately* 
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The  stalk-like  petiole  (iig.  56) ,  most  common  in  Dicotyledond,  al'waTS 
has  the  base  slightly  widened  out  at  its  point  of  emergence  ^m  ttie 
stem ;  in  the  leaves  of  Palms,  the  Banana,  ScitaminesB,  &c.  the  baae  i» 
expanded  so  as  to  embrace  the  stem,  while  in  the  Grasses  the  petiole  is 
entirely  represented  by  a  sheath  (fig.  69).  The  sreen  part  of  the  leaves 
of  the  Hyacinth  and  other  bulbous  plants  is  the  olade,  and  will  be  found 
continuous  below  with  a  colourless,  fleshy,  petiolar  portion,  forming'  one 
of  the  <<  coats  "  or  sheaths  of  the  bulb  (fig.  I^,  p.  26). 

The  leaf  may,  however,  be  represented  by  one  only  of  the  regions. 
It  is  very  common  to  find  leaves  without  distinct  petioles,  the  blade 
springing  directly  from  the  stem :  such  leaves  are  called  sessile 
(ng.  56).  On  the  other  hand,  the  petiolar  region  may  exist  with- 
out the  blade;  and  among  the  cases  of  this  sort  a  considerable 
variety  of  conditions  is  met  with.  Petiolar  structures,  devoid  of 
laminsB,  and  more  or  less  reduced  to  scales  or  membranous  sheaths, 
are  commonly  found  on  subteranneous  stem-structures,  such  as 
bulbs,  rhizomes,  &c.,  whence  we  have  denominated  this  part  of 
the  stem  the  "  leaf-scale  region."  Similar  scales  appear  in  place 
of  green  leaves  in  the  "true-leaf"  region  of  various  parasitic 
plants,  such  as  Orohanche^  in  which  the  leaves  have  no  physio- 
logical function  to  perform ;  and  they  recur  periodically  on  the 
stems  of  arborescent  plants  which  form  winter  buds,  in  the  shape 
of  bud-scales.  In  the  true-leaf  region  the  blade  is  either  supported 
on  a  stalk-like  or  sheathing  petiole,  or  is  sessile.    The  sessile  con- 


Fig.  67. 


Fig.  68. 


Fig.  66. 


Fig.  66.  A  lendle  lei£  Tig.  67.  PhyUodiom  of  an  Aomu. 

Fig.  6S.  Two  phyllodia  of  OraU§  latipe*^  one  with  a  temate  blade. 

dition  is  generally  more  common  toward  the  upper  part  of  stems 
and  shoots  ;  and  in  the  bracts  or  leaves  belon£;ing  to  the  inflores- 
cence the  petiolar  region  is  comparatively  seldom  developed.     The 
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first  leaf  {Vorbiatt  of  the  Germans)  on  a  branch  in  many  Mono- 
cotrledoEis  is  of  a  different  form  from  the  rest,  and  is  found  in  the 
aogie  between  the  branch  and  the  stem  from  which  it  springs.  Li 
Dicohrledons  there  are  often  two  such  leaves  at  the  base  of  a 
Ittaiieh,  right  and  left,  and  occasionally  they  are  united  into  a 
tube.  They  are  sometimes  formed  after  the  other  leaves  according 
to  Hofmeister. 

In  some  families  the  true-leaf  region  is  clothed  with  petioles 
expanded  into  the  form  of  laminae  ;  these  are  called  phyllodes  (figs. 
57  and  58),  and  in  such  cases  the  true  laminar  region  is  often 
partially  or  entirely  suppressed. 

The  transition  from  the  petiolar  leaf-scale  orffans  into  perfect  leaves 
vith  Bheathing  petioles  may  be  observed  not  only  in  bulbs^  but  in  many 
Graaeea  with  creeping  stems,  which  exhibit,  at  the  junction  of  the  leal- 
ecale  and  true-leal  regions,  dieaths  surmounted  by  short  green  lancet-» 
sluped  lanmue,  increasing  in  length  in  successive  leaves. 


StipnleB. — ^When  the  petiole  appears  as  a  distinct  leaf-stalk,  it 
16  often  accompanied  by  a  pair  of  more  or  less  distinct  f oliaceous 
Appendages  at  its  base,  called  stipules.  When  these  exist,  the  leaf 
is  caHed  stipulaU  (fig.  63) ;  when  they  are  absent,  exstipulaU. 

Ilie  presence  or  absence  of  stipules  is  often  a  very  constant  character  of 
XatiOBi  Orders.  The  various  forms  of  stipulate  petioles  form  a  kind  of 
tnneition  to  the  petioles  with  sheathing  bases. 

Petiole. — ^The  pS^U  is  usually  of  semicylindrical  form,  with  the 
flat  snr&oe  above ;  not  unf requently  this  upper  surface  is  channelled 
{tawMtindaie\  giving  a  more  or  less  crescentic  section ;  in  a  few 
instanoee,  especially  in  the  Aspen,  it  is  laterally  compressed. 
Where  it  is  cylindrical  its  structure  is  like  that  of  a  branch. 

The  stalk-like  petiole  is  either  simple^  when  it  supports  a  single 
bkde,  or  it  is  branched  or  compound,  when  the  blade  is  composed 
o£  a  number  of  distinct  leaflets ;  the  branches  are  sometimes 
^aSlBd  partial  petioUs^  and  may  even  be  articulated  at  their  points 
<rf  origin  from  the  primary  petiole. 

Compound  petioles  supporting  the  leaflets  of  compound  leaves  are 
kztown  from  branches,  which  at  first  sight  they  resemble,  by  arising 
independently  from  the  stem,  by  having  buds  in  their  axils,  and 
bv  ibe  absence  of  any  indication  of  a  leaf  immediately  beneath 
them. 

Fhyllodee. — ^The  flattened  or  leaf-like  petiole,  called  a  phyllode, 
reaemblea  a  lamina,  but  is  known  by  standing  edgewise  on  the 
(tem— that  is,  with  its  flat  faces  parallel  with  the  direction  of  the 

s2 


62 


MOBFHOLOGT,  OB  COICPABATTTS  AKATOMY. 


stem ;  in  some  cases  phyUocUs  exist  without  true  laminffi  (fig.  57),  in 
others  the  laminsB  are  more  or  less  developed  at  the  summit  (fig.  58). 

Striking  examples  of  phyUodia  with  or  without  laminn  are  faniifihed 
by  yarioue  species  oi  Acacia  (figs.  67  &  101),  in  many  of  which  the  blade 
is  present,  compomid  and  bipinnate. 


. — ^The  sheathing  portion  or  vtzgina  is  the  only  portion  of 
the  petiole  which  is  developed  in  certain  plants,  as  in  the  Qrasses 
and  Sedges  (figs.  59-61),  m  which  it  forms  a  complete  sheath  to 
the  stem,  and  passes  at  once  into  the  blade  at  the  top :  this  sheath 
is  merely  rolled  round  the  stem  in  the  Grasses ;  but  its  margins 
are  not  disunited,  but  form  a  tube,  in  the  Sedges.  The  vaginal 
petiolar  region  is  more  or  less  distinctly  evident  in  many  Mono- 
ootyledonous  leaves  which  at  first  sight  appear  to  be  sessile,  as  in 
the  Tulip,  Hyacinth,  &c. ;  and  it  is  generally  more  or  less  developed 
at  the  base  where  a  distinct  leaf-staJk  exists  in  this  class,  as  in  the 
Palms  and,  above  all,  in  the  Musaceas.  In  many  Dicotyledons  also 
the  base  of  the  petiole  is  enlarged  into  a  sheath,  as  in  Umbellifers 
(fig.  Q2). 

Fig.  61.  Tig.  62. 


Fig.  59.  Leaf-theath  of  a  Oraaa,  with  an  entire  ligula^  *. 
Fig.  60.  Leaf-iheath  of  a  Grass,  with  a  bifid  Ugula,  \ 
Fig.  61.  Leaf-sheath  of  JBMopAorum. 
Fig.  62.  SheaUiing  base  of  tae  petiole  ot  Angelica, 

Sometimes  the  petiole  is  winged  (alate\  as  when  a  narrow 
plate  of  the  blade  structure  springs  from  its  margins ;  in  certain 
CBAes  these  wings  are  cUcurrent  down  (or,  rather,  are  continuous 
with  the  sides  of)  the  stem  from  which  the  leaf  arises,  as  in  many 
Thistles,  Verbascuniy  &c.,  producing  a  winged  or  alate  stem. 

Cicatriz.->-The  petiole  is  ordinanly  more  or  less  distinctly  jointed 
to  the  stem  ;  and  when  the  leaf  fails,  it  leaves  a  more  or  less  ex- 
tensive wellnlefined  scar  upon  tiie  stem^  called  the  cicatrix;  in 
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Toodj  IHcotyledcmB  there  is  generallj  a  little  protuberance  under 
the  dcatrixy  which  is  termed  the  puLvinus.  In  Monocotyledons 
tbe  cicatrix  is  usuallj  very  broad,  from  the  base  of  the  petiole  em- 
bracing the  stem  widely.  In  some  cases  the  petiole  is  not  regularly 
disirticiilated,  but  withers  down ;  but  then  the  decay  generally  termi- 
Dites  at  a  definite  point  a  little  above  the  base,  leaving  a  portion  of 
the  latter  in  the  form  of  a  scale-like  or  tooth-like  process  projecting 
from  the  atem. 

Tooth-like  processes  left  by  the  decay  of  the  petioles  may  be  seen  on 
t^  andemoimd  stem  of  the  conunon  Primrose  &c.y  and  on  the  trunks  of 
ft:rtiin  PidmB. 

Stipiiilea. — ^The  gttpules  or  leaf-like  append-  Fig.  63. 

ages  of  the  petiole  usually  stand  at  the  base  of 
die  petiole,  one  on  each  side,  free  or  adherent 
to  it  (fig.  63).  The  free  leafy  stipules  are 
tometiines  highly  developed,  and  in  Lathyrua 
Afhaca  they  exercise  the  functions  of  the  blade, 
ths  leaves  of  this  plant  consisting  merely  of  a 
petiole  destitute  of  a  lamina,  ^hen  the  mar- 
gins of  the  stipules  next  the  petiole  are  con- 
tinnooB  with  that  organ,  forming  as  it  were 
vings  to  it  (Bosa),  they  are  called  adnate  (fig.  64).  They  are  also 
often  united  by  their  margins  independently  of  the  petiole,  or,  in 
otber  words,  are  not  separated  from  each  other  (connate)  :  thus  in 
tbe  Pkoe  tree  and  in  Astragalus  they  are  united  by  the  outer  mar- 


Leftf  of  Lohu  with  free 
ttipiiles. 


Fig.  64. 


Fig.  65. 


(piBBttfee)  iMf  of  the  Bon, 
with  edtaiate  etiiNilee. 


Oere^ofiV^iyD: 


gms  (tuned  away  from  the  petiole)  so  as  to  form  a  kind  of  leaflet 
on  the  opposite  side  of  the  stem  (inirapetiolar) ;  in  PoiamogcUm 
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they  are  united  by  their  inner  margins  above  the  petiole,  so  as  to 
form  a  compound  axillary  stipule;  in  the  Polygonaeeas  they  are 
not  only  united  on  this  side,  but  also  by  their  outer  margins  on  the 
other  side  of  the  stem,  thus  forming  a  short  tubular  sheath  round 
the  latter,  called  an  ocrea  (fig.  65).  All  the  above  cases  relate  to 
stipules  of  single  leaves ;  but  similar  coherence  or  lack  of  disunion 
occurs  in  the  stipules  of  opposite  leaves,  where  it  is  not  uncommon 
to  find  the  two  stipules  which  stand  between  the  leaves,  at  back 
and  front,  more  or  less  confluent  into  a  single  leaf-like  or  scale- 
like  body  {interpetiolar  stipule),  so  as  to  form  a  kind  of  whorl  with 
the  true  leaves. 

This  interpetiolar  confluence  of  the  stipules  is  very  characteristic  of  the 
Order  Ruhiaceas ;  and  the  apparent  whorls  of  the  SttUatee  (GaUum,  &c.} 
often  exhibit  a  confluence  of  the  highly  developed  leaf-like  stipules. 

At  the  summit  of  the  sheath  of  the  leaf  of  Grasses  exists  a  little 
membranous  scale,  connecting  the  blade  with  the  epidermis  of  the 
stem;  it  is  either  entire  or  forked  at  the  top  (figs.  59*  &  60  *) ; 
this  structure,  called  the  Vlgule,  is  a  mere  excrescence  from  the 
stalk. 

The  stipules  of  some  plants  fall  oif  at  an  early  period.  This  is  the  case 
with  the  interpetiolar  stipules  of  various  Rubiaceous  plants.  It  also 
occurs  commonlv  when  the  stipules  form  the  outermost  envelopes  of  the 
leaf-buds,  as  in  MagnoliacesB,  jFVcm«  elasticaf  the  Beech  tree,  &c 

Small  secondary  stipules  exist  at  the  base  of  the  partial  petioles 
of  some  compound  leaves,  especially  of  Leguminosss  (Desmodium) ; 
they  are  called  stipels  (sttpellce). 

For  convenience  of  description  the  stipule  has  been  here  treated 
as  if  it  were  uniformly  of  the  same  nature,  varying  only  in  form, 
position,  &c.  In  point  of  fact,  however,  the  morphological  nature 
of  the  stipules  varies  in  different  plants  :  sometimes  they  represent 
mere  Excrescences  from  the  petiole ;  at  other  times  they  consist  of 
the  lower  leaflets  of  a  compound  leaf  (Lathyrus),  or  they  may  be 
leaves  formed  on  a  contracted  and  rudimentary  axillary  branch. 

Lamina* — The  lamina  or  blade  (6,  fig.  54)  of  the  leaf  constitutes 
the  most  important  part  of  the  structure,  and  exhibits  the  greatest 
.  variety  in  its  forms,  which  latter  require  to  be  studied  in  detail,  as 
they  often  furnish  the  principal  characters  for  the  discrimination 
of  species  of  Flowering  Plants  and  Ferns.  It  is  ordinarily  a  flat 
plate,  possessing  an  vpper  and  lower  surface,  turned  respectively 
towards  the  sky  and  the  earth,  two  margins,  a  base,  and  an  apex. 

In  plants  of  succulent  habit  the  thickness  of  the  leaves  is  often  so  great 
that  the  sides  are  as  broad  as  the  surfaces,  or  they  are  more  or  less 
confounded  in  a  cylindricdlj  prismatic,  or  some  similar  form  {Mesemhrycai'- 
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tloMon) :  and  aimiljur  external  forms  are  presented  by  the  cylindrical  or 
dattened  fistolar  leaves  of  the  Onion^  &c. 

If  ^  blade  stands  alone  upon  an  undivided  petiole,  or  is  sessile 
on  the  stem,  it  is  called  simple  (figs.  54,  55).  Where  the  petiole  is 
bnochedi  and  bears  more  tiian  one  distinct  blade,  the  leaf  is  com- 
p6und  (fig.  64),  and  its  separate  blades  are  called  leaflets*  Both 
simple  leaves  and  leaflets  may  be  erUire — that  is,  the  blade  may  be 
cndiTided  at  its  margins  ;  or  it  may  be  more  or  less  deeply  incised 
or  lobed.  The  divisions  or  branchings  of  such  leaves  are  analogous 
to  the  manopodial  branching  of  the  stem  (p.  38). 

Form. — The  general  form  of  simple  and  compound  leaves,  and 
tbe  character  of  the  subdivisions  of  the  blade  of  simple  leaves  and 
of  leaflets,  are  associated  with  the  plan  of  arrangement  of  the  ske- 
jftoa  of  the  leaf.  The  solid  framework  of  leaves  is  composed  of 
Yoody  structures  which  when  large  are  usually  termed  ribs  (costcg)^ 
the  small  divisions  being  called  indifferently  nerves  or  veins.  The  plan 
of  arrangement  of  the  framework  is  called  the  nervation  or  venation ; 
tbe  erdmarj  custom  is  to  call  the  principal  ribs  nerves,  and  the 
smaller  branches  veins.  When  a  distinct  principal  rib,  continuous 
vith  the  petiole,  exists,  it  is  called  the  midrib. 

The  BoperahfiTid  ance  of  terms  is  an  inconvenience  here  as  in  manv 
other  departments  of  Botany.  Where  it  is  necessary  to  select,  it  is 
advieahle  to  choose  those  terms  which  are  least  objectionable  as  not 
inToLnng  hypothetical  notions  of  function. 

Varvatioii  or  Venation. — The  modes  of  nervation  of  leaves  may 
be  classed  under  four  principal  heads : — 

1.  Straight-  or  paraUelr^Mrved  (folia  parallelinervia),  when  (with 
or  without  a  midrib)  the  principal  ribs  run  in  more  or  less 
parallel  lines  from  the  base  to  the  summit  (fig.  66). 

2.  Curvinerved  (/.  eurvinervia),  when  the  principal  ribs  run  in 
corves  from  the  base  to  the  summit  (fig.  67),  or  from  the  mid- 
rib to  the  margin  (fig.  68) — difEering  little  from  the  foregoing, 
bat  occurring  in  broader  leaves. 

3.  Palminerved  (/.  palminervia),  when  the  principal  ribs  radiate 
from  a  point  at  the  base  of  the  leaf  (fig.  69). 

4.  Penninerved  (f.penninervia),  when  the  strong  midrib  gives 
off  the  side-ribs  at  a  more  or  less  acute  angle,  like  the  blades 
on  the  shaft  of  a  feather  (figs.  68  &  70). 

The  tenn  tr^jie-nerved  (triplinervia)  is  sometimes  used  for  a  modifica- 
Ikin  of  Na  4,  approaching  to  No.  8,  when  the  midrib  ^ves  oft*  on  each 
fide  near  the  base  a  strong  side-rib,  which  nms  up  within  the  margin 
towaids  the  smnmit.  FetUher^ribbed  (penninerved)  and  hand-ribbed  (pal' 
vumttd)  leaves  are  most  common  among  the  Dicotyledons,  but  they 
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occur  also  in  tamj  Monocotyladone, — the  former,  for  example,  in  mui 
Palms,  Miuaceie,  Zingiberaces  (fig.  6B),  ftc. ;  the  tatt«T  in  the  FRD-paini 


Kg.  67, 


UimlulJBR  i*  ktendia. 


Smilacee  tud  Dioscotacen,  ftc,  where  there  is  a  transition  to  a  eurvrd- 
ribbfd  condition  (fig.  67),  which,  with  the  gtreight-rtUed  (fig.  66),  is 
most  common  in  the  Monocotyledons.    Strafhi-ribhtd  leaves  occur  not 


^,    ,  A  pMBlBBCwd  niMw  lerf  A  •Qbretand,  entin, 

HmtelnC  with  ■  munlul  itla.  penBiMrred  1h£, 

nnfreqnentlj  in  Dicotyledons,  as  in  Lathynu,  &c    The  most  important 
diatmcbon  in  the  riblnng  of  the  two  groups  is,  that  .in  Dicotyledons  the 
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uon  rib  or  riba  l>rMich  repeatedly  at  more  or  lesa  acut»  anglu,  ^nd 
uutomoaa  hj  tbdr  slender  twigs,  so  as  to  form  &  netted  or  leticuUr 
tiDcwork ;  while  in  most  MoDocotyledons  the  bnucbeBpaasiDg from  tlie 
wilt  lib*  go  off  newlj  at  right  Ui^ea,  becoine  niddenlj  mucb  more  ateoder, 
md  form  «  kind  of  square  mMom  or  oanctOvte  framework  when  they  are 
nvigij  deretoped  (%.  76). 

Tonu  of  LWTM. — The  general  outline  of  Inave*  or  leaflets  is  indicated 
\n  cotain  tachnical  t«niie,  such  as : — circular  or  orbicular  (Ifydroeolyle, 
fnrpMlMN  mt^iai)  (fig.  87) ;  rtnaiduh  or  mbrotimd,  approaching  the  fore- 


rig- 72. 


Fig.  78. 


Fig.  76. 


Rg.74, 


fni^  (8g.  71) ;  «0^<>eal  ^g.  7S) ;  omfe,  egg-shaped  with  the  broad  end 
■WMt  to  the  aUlk  (.fig.  73) ;  obovale,  the  same  shape,  with  tbe  narrow 
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end  Dearest  to  the  stalk  (fig.  74) ;  ItmttolaU  or  l&nce-eluped  (fig.  75) 
reniform  OX  Iddney-HhapBd  (fig.  79);  rhomboidal;  triat^ilar;  or  thi 
revOTBe  of  this,  euiuate  or  wedgB-ahaped  (fig.  88) ;  deltoid;  ^attdaU  o 
MtuU-Bhaped  (fig.  80) ;  eimfmn  or  sword-ahaped  (aa  in  the  OudeD 
--■■  fineor,  a  long  narrow  form  with  parallel  margins  ffig.  81)  ;  mba 
t<ue  ur  awl-shaped,  a  slender,  short  linear  form  soon  ending  in  a  poiii 
(fig.  82) ;  acerote,  needle-shaped  and  rigid  (Knes,  Juniper,  &c.). 

Fig.  83. 


S^);  fi 


Fl|t.  7B.  A  reniftoi  ... 

Fif.  80.  A  >pftthaJ*t«  leftf. 

Pig.  S3.  Ai  obUqnelT  ootdste, 

Sometime  the  forma  are  intermediate  between  some  of  the  foregoing, 
in  which  case  two  of  the  terms  are  combinedj  auch  as  ovaU-lanceoiate, 
signifying  a  leaf  broader  than  lancmlate,  and  with  the  lower  half  wider, 
as  in  ovate ;  linear-lanceolate,  a  long  and  naiTow  lance-shaped  blade,  and 
BO  on.  The  term  oblique  is  applied  to  leaves  where  the  portions  on  either 
ude  of  the  midrib  are  unequal,  as  in  the  Begonias,  Xime,  Elm,  &c. 
(fig.  83). 

Base  of  the  Leaf. — Special  terms  are  also  required  to  describe  tht; 
chatacterof  thebaseof  the  loaf.  Thus,  siym'fnt*  or  arrow-shaped  (fig.  76); 
haitatt  or  dartrshaped  (fig.  77) ;  cordate,  the  shape  of  a  heart  on  plajinif' 
cards,  with  the  broad  end  nearest  to  the  stalk  (fig.  78)  ;  obcordaU,  tlie 
same  shape,  with  the  point  attached  to  the  stalk  (fig.  108) ;  cordate  at  (he 
bait  may  be  added  to  ovatx,  elliptical,  or  other  form,  where  this  condition 
exists ;  if  a  senile  leaf  has  a  cordate  base,  it  becomes  aunculaie  or  eared 
(fig.  64)  when  the  borders  are  free,  ampleaicaid  or  clasping  if  they  adhere 
to  the  stem.  The  last  form  ia  n  transition  to  the  deeurrent  Btale> 
When  the  posterior  lobes  of  a  sessile  leaf  extend  round  the  stem  com- 
pletely nnd  become  confluent  on  the  other  sidfi,  the  utem  appears  to  run 
iAroiyh  Ibe  leaf,  and  the  leaves  sre  called  perfoliate  (tig.  86) ;  when  the 
basilar  lobes  of  a  p^r  of  opposite  leavea  cohere  on  each  ade,  so  as  to  pro- 
duce a  similar  conditioo,  tne  leaves  are  termed  connate  (fig.  SO).  Some- 
times the  blade  is  graduollj  narrowed  towards  the  petiole,  and  becomes 
attenuated  at  the  base ;  when  the  blade  passes  still  more  gradually  into  a 
broad-winged  stalk,  a  ipatulate  form  results. 


A  pcziijliAM  ittL  Comute  UftTei. 

Fij.  87. 
'  cHarBcter  relating  to  the  base  is  the 
kjdr  of  attachmeDt  of  the   blade   to   the  petiole. 
"flwDy  the   midrib,  or  set  of  primary  ribs  of  the 
Idde.  11  in  k  direct  line  with  the  petiole ;  but  some- 
uifa  the  ribs,  as  tfaej  pasa  fi^m  tbe  petiole  into  the 
bliAe,  Kpftrete  and  T&tUate  homontAlI;  from  the  top  { 
tf  ite  nalk,  10  that  the  latter  appears  to  be  inserted 
ji<u~>  ihe  back  of  the  leaf;  such  a  condition  is  called 
f^Ule,  and  occurs   in   Troptrotum  majiu  and  other 
piuta  with  orbicular  leaves  (fig-.  87). 
ifa  of  Mm  Jjeaf. — The  apex  or  point  of  the  leaf  a  psiute  orbitniu  ] 
bb  certain   characters:  it  maj  be  acute,  or  sharp 
'^-  0G);  acumiTtate,  or  with  the  point  drawn  out  ^radaally   Pig.  G 
la*,  (6),  OT  abruptly  (fip-.  78) ;  or  mucnmale,  when  it  is  tipped 
■ith  ■  ^mu  (&g.  88).     It  may  also  be  obtuse,  when  an  ordi- 
t*rilj  pointed  fonu  is  suddenly  rounded  off  at  the  tip ;  emar- 

r>,  when  there  is  a  shallow  notch  where  the  point  should 
rtbae,  when  a  notch  of  this  kind  is  deep :  this  last  form 
HI  to  the  ebcordaU  (%.  108). 
of  tlie  Leaf. — The  margins  of  the  leaf  are  either 
;  is,  with  an  unbroken  edge  (6g.  71) ;  erenate,  when 
ittj  Bihibit   a    series   of   small  rounded  teeth    or  scallops   J 
'^.  79);  dattate  when  the  teeth  are  acute  and  pointed  rn-    i 
My   (fi|r.   73) ;   terraU,  when   sharp   teeth   point   towards 

^e  apes  (bg.  83)  ;  retroeeirate,  when  sharp  teeth  point  towards  the  hi 

If  Uins  ai«  coane  teeth,  the  margins  of  which  are  ngfun  more  finely 
tcDlhed,  as  in  the  Elm,  the  leaves  are  doubly  serrate  (or  doubly  dent^lie). 
^awdmes  it  is  requisite  to  Bay,  irreffularlj/  toothed,  or  ineued,  as  in  many 
Ttiitlcs-,  and  these  teeth,  as  well  as  those  of  regularly  dentate  or  serrate 
'»«»iniay  be  tipped  with  spines,  when  they  are  termed  ipinote-terraie, 
ic  When  the  outline  exhibits  shallow  navy  curves,  it  is  sometimes 
ealind  r^aad  (figs.  86  &  87).  The  margin  may  also  be  revobtte,  or  rolled 
Wk  towMd  the  lower  (ace  (fig.  76),  or  utDolvU  when  rolled  round  on  to 
tiie  apper  snrTsce.  Sometimes,  through  excessive  growth  of  the  marginal 
pmuayma,  the  edges  of  the  leaf  are  undulated  (ea  when  the  edge  of  a 
«np  of  paper  swells  from  being  wetted  (fig.  96)). 
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Lobed  Leaves. — A  verr  luge  number  of  simple  leaves,  ind  of  lesSeta 
of  compound  leaTes,  are  divided  more  deeply  between  the  principal  Tibs: 
to  euch  the  general  najne  of  lobtd  leaTea  is  onen  npplied,  and  the  more  or 
less  distinct  parta  ue  called  lobee ;  thus  we  may  have  biJobed  (fig.  St), 
triiobed  (fig.  90),  and  so  on,  according  to  the  number  of  the  diviaioiiB. 
Fig.  91.         Fig.  92.  Rg.  98. 

Pig.  80. 

Fig.  90. 


Pii.  f9.  A  btlubed  ls*£  Fig.  ftl 

7iE  M  A  Mlobcd  lot  Fig.  M   _  , 

Kg.  Ml  a  piBBitiFutlU  IjntK  1«£ 

Bat  it  is  fomid  requisite  in  DescriptiTe  Botany  to  aubdivide  lobed 
leaves  into  more  definite  classes ;  of  t£ese  there  are  two  priQcipal  t;n>^s. 
defined  by  the  character  of  the  ribbing.  When  the  ribs  are  airang^  on 
the  feathered  plan,  we  first  take  the  prefii  piitnali-  (featherti),  and  euh- 
join  to  this  a  word  indicating  the  degree  or  kind  of  diviMon,  thus :  pitma- 
tifid  (featke7'-(Afi),  if  the  broad  notches  between  the  lobes  extend  from 
the  margin  to  about  halfway  between  this  and  the  midrib  (fig.  81); 
pinnatipartitt,  if  the  notches  extend  nearly  to  the  midrib  (fig.  92)  ;  prnta- 
timet,  if  the  separate  loben  are  almost  fiee,  and  merely  connected  by  a 
narrow  atrip  ofparenchyma.  Certain  lees  frequent  modifications  of  these 
forms  of  the  feathered  type  are  oonTenieDtly  distin^ished  by  technical 
terms,  auch  as; — timtaU,  a  form  eilJier  oiihepiimatifidoT  pinnatiBeiile^ 
when  the  excavations  and  the  apicea  of  the  tobee  are  rounded,  as  in  the 

Pig.  94. 


lobei  DDdalAted. 


cmxm  Oak-leaf;  fyraU,  ■  phmalifid  or  pinnstipBrtite  leaf,  with  the  end 
^*miicli  Uiger  than  the  rest  (fig.  83j;  rtmcinaU,  a  lyrate  or  simply 
Bt^M  le*f  with  the  points  of  the  lateral  lobes  turned  towarde  the  base, 

■  otie  Dandelion.  When  the  incisions  are  deep,  but  very  inc^ular  in 
^iiriod  form,  the  term  lacBtiaU  is  sometimes  employed. 

Tben  the  rihs  have  the  palmate  arrangement,  simiiar  terms  are  sub- 
>Qd  to  the  prefix  palnu-  or  paimati-,  or  palmifid  (fig.  94),  pahtiUeet 

■  ■s.  96j,  and  paiin^Htriile  (fig.  95),  according  to  Uie  dspth  of  the  divi- 
!i*u  A  special  modification  of  this  type  occurs  not  nnfrequently,  when 
ae  )ow(t  or  oufe-r  ribe,  and  consequently  the  basilar  lobes,  turn  back  more 
iriasiowanle  the  petiole;  such  leaTee  are  generally  deeply  cut ;  butthe 
TttMl  prefii  pedali-  noay  be  used  in  the  words  pedatifid,  pedatittct,  or 
r^^wHU  (fig.  97),  according  to  the  rule  given  above.  Such  teares 
ur  be  comparsd  to  syiopodial  ramifications;  the  central  lobe  is  the 
cain  one  ftom  which  on  either  side  lobes  of  the  second  degree  are 
'TSM;  these  produce  tertiaiy  lobes,  and  so  on,  but  always  on  one  side 
ij,  u  in  Mme  fcmns  of  dafimte  ramification. 

y^-  86.  Kg.  97. 


"^  UsicJ,  IrQabed,  qtnaqiitlobed,  and  similar  forms  are  usually  refer- 
>^  lo  the  palmate  type,  and  should  be  more  definitely  named  if  they 
T.Tir  in  a  genua  where  the  leaves  eihibit  many  of  these  forms,  in  a  eon- 
'ul  manner ;  if  the  leaves  are  inconstant  in  the  depth  of  the  divisions, 
*^  more  general  names  are  preferable. 

i^mf'k  leaves  divided  on  the  feathered  plan  exhilut  also  more  compli- 
audconditicms.  The  primary  lobes  of  a  pinnately  cut  leaf  may  be  sub- 
tiiied  igaiu  in  the  same  manner,  and  the  secondary  lobes  a^D  into  ter- 
'-anbtM.  These  are  named  on  the  same  principles,  bipumalt-,tripinnali- 
-M--*td,at  -partiU,  according  to  the  degree  of  division  of  the  iattict  of 
<^.i-  e.  of  the  secondary  lobes  of  bipinnatifid  (fig.  08)  and  the  tertiary  of 
iiipuulifid.  When  the  leaves  are  subdivided  a  fourth  time^  or  eTen 
«4fre  tri^mmlutct  Uacet  hav«  jUiform  tegmentt,  we  term  dtneded  is 
MM^y  employed. 

It  muit  be  borne  in  mind  that  the  terms  above  defined  are  applied  in  a 
lumUr  msimer  to  the  leaflets  of  compound  leaves,  next  to  be  described, 
'^  nd^inned  in  description  to  the  tetma  whicn  define  the  plan  and 
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derree  of  dinhion  of  the  petiole.    Tbej  abo  apply  to  the  bmcte,  a 
ana  all  other  oigana  of  a  r«af-Uke  chancter. 

Componnd  leavOB  are  such  as  have  the  petiole  brancbed  oai 
or  more  times  before  it  bears  blades  ;  the  branches  of  the  petiol 
are  c&il%A  partial  petiolu  or  petioluUt,  and  are  often  articulated  1 
the  mala  petiole,  which  in  this  case  is  occasionally  termed  th 
raehit,  Stipele  occur  at  the  bases  of  some  partial  petioles.  TIi 
Rg.Oe.  Fig.  99.  Fijr.  lOO. 


As  fmr^ripinnafu  IrmL 


separate  blades  of  the  leaf  are  called  UafltU  (foSSla),  or  pinncp. 
Compound  leaves  may  be  classed  generally  into  simply,   doubly, 


trplT  Mmptnmd  or  decompound'(supradtcomposiia),  according  to 
■},e  Domber  of  the  succeagive  branchingi  of  tlie  petiole.  The  rami- 
iaiioD  follows  the  game  types  as  that  of  the  ribs  of  simple  leaves, 
ud  eihilata  analogous  subordinate  modification s. 

Phmle  leaTee  are  nich  aa  have  a  rachis  bearing  seaaile  or  stalked 
kml  leafieta  arranged  on  the  feathered  plan.  Sometimes  there  is  an 
eii  tenunal  leaflet^  when  the  leaf  is  tmeyuaSt/  or  impari-pitinaU  (fig. 
rDf.  When  there  is  no  end  leaflet,  the  leaf  is  abruptly  or  pari-pinntde 
H-^)-  -McrrHpCa^oinnnt^  means  that  the  opposite  pairs  of  lesflets 
n  ihonslely  Ui^  and  small,  as  in  Agrimoma.  The  pairs  of  leaflets 
V!  ia)rt)mes  called  ji^ ;  and  if  onlj  one  pair  eiists,  the  leaf  is  tmijugatt 
if  101);  if  more  pairs,  fnnf^jw^dfa.  If  toe  leaflets  are  not  in  pairs,  but 
i^smle  with  each  other,  the  leaf  is  a/Umipirmatt. 

Fig.  106. 
Fig.lfM. 


'  S^ito  lot  Um  ^bi»  faBpuipiuHU.       A  Mpiniuta  twC  ths  piona  topu^imut*. 

Sipimait  leaeet  aie  formed  when  the  main  peUole  bean  secondury 
•xiolM  with  distinct  leaflets  pinnatelj  arranged  (figs.  102-104).  Trt- 
P"^  karsi  exhiUt  an  additional  (tertia^)  series  of  partial  petioles 
^  diitiDct  le^ets  (Sg.  105).  WbeQ  the  division  goes  beyond  the  third 
^^pH.  the  leavea  are  called  deeongiound  (&g.  106) ;  but  it  is  more  common 
u  ind  bifMnnate  or  tripinnata  leaves  witli  their  leaflets  pinnatifid, 
■?rtle,te. 

IVttsie  (ai  digitate)  leaves  are  such  as  have  a  number  of  distinct 
Uni  irimag  ttoia  one  point,  like  the  ribs  of  a  simple  leaf  when  the 

tiaulmiiMrved.  Si-  or  Iripatmate  leaves  are  verv  rare  (Araliacete). 
mj  modification  appears  to  be  the  pedaU  lea^  analogous  to  the 
l^itMct  umple  leaf,  but  with  distinct  leaflets  (fig,  107). 
Tbt  tsnns  tenmle,  quinate,  and  teptenate  are  often  applied  to  palmate 
Bt*  with  a  definite  number  of  leaflets.  TernaU  leaves,  however,  may 
"01  other  on  the  palmate  (fig.  108)  or  pinnate  plan ;  if  on  the  latter. 
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there  \b  only  one  pair  of  lateral  leftflete  and  a  terminal  one,  but  in  th«8 

the  petiole  is  ordinarily  developed  between  the  pair  of  leaflets  and  th 

^■"^  ri,.io7. 


^.IDt.  A  viuuUlr  dcaonpMuid  IwL  Fla.  loe.  Atenutelofwith  otxHrdita 

Fiff.  101.  A  pad^  leaf:  IvOlU. 

end  oue.  What  are  called  UtamaU  (fig.  109)  and  frtfemote  compound 
lasTea  are  in  most  cases  pmnaU  leaves  with  unijugato  and  termiiiai 
leaflets.  Such  leaves  should  perhaps  be  called  ternato-pifmaU  or  bitemato- 
piimiiU,  &c. 

A  modified  form,  apparently  intermediate  between  pvaiaU  aadpalmalt 
leaves,  like  some  UmaU  leaves,  occurs  through  the  euppreMon  of  the  maiu 
rachia  of  the  Upimiate  leaves  of  some  Acacias,  giving  what  way  b* 
called  A  patmiptnnatt  form  (fig.  110). 
fig.  109. 

Hg.  no. 
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Tke  letflets  of  compotind  leaves  of  Flowerinj?  plants  are  ordinarily  called 
p^n^,  and  their  subdiTisiuns  lobes ;  but  in  tbe  Ferns,  where  the  leaves 
).>  higliljr  compound,  and  the  segments  somewhat  variable  in  the  degree 
«f  coafluencey  the  primary  divisions  of  the  leaf  are  called  pintue,  the 
*tjadarr  puwules^  and  the  tertiary  lobes  or  segments.  In  highly  com- 
p  iiad  leaves,  the  ramiiication  of  the  petiole  and  subdivision  of  the  lami- 
fai  «tnietore  become  less  complex  toward  the  apex. 

Tertore. — The  varieties  of  texture  of  ordinary  leaves  depend 
chiefly  upon  their  anatomical  condition ;  but  it  is  requisite  to 
ijtiee  here  several  terras,  such  as  membranous,  Uatlury  (or  coriace- 
>«),  sHceulent^  &c.,  used  in  Descriptive  Botany,  but  which  scarcely 
require  explanation.  In  aquatic  plants  the  leaves  are  usually  of 
4lis:bter  texture :  when  thej  float  on  water  (natant  leaves)  the  forms 
And  general  external  characters  are  not  much  modified ;  but  when 
tVy  grow  wholly  under  water  (subtnerged  leaves),  they  are  not  only 
moK  delicate,  but  are  sometimes  cut  up  into  fine  filiform  segments, 
as  in  KoAuneulus  aquatUis, 

Dnratioil. — The  duration  is  different  in  different  plants.  Those 
which  are  unfolded  in  spring  and  fall  off  in  autumn  are  called 
'U/uof».  What  are  called  evergreen  leaves  vary  in  duration :  thus 
in  ordinarj  evergreens,  such  as  Ivy,  Cherry-laurel  {Prunus  Laura- 
voittiM),  &<:.,  the  leaves  remain  through  the  winter  and  fall  off 
<mlT  when  the  new  ones  are  becoming  developed  in  the  spring ; 
^•^  in  many  Conifers,  as  in  species  of  Pinus,  Araucaria,  &c.,  the 
Wes  remain  attached  for  many  years. 

The  anatomical  structure  of  leaves  exhibits  many  interesting  modifica- 
^Xkp,  lelated  in  some  degree  to  the  media  and  climates  in  which  plants 
TKrw.    These  will  be  more  particularly  explained  in  another  place. 

Surfaces. — ^The  surfaces  of  leaves,  like  those  of  herbaceous 
iWms,  exhibit  a  variety  of  conditions  dependent  on  the  character 
<^  the  epidermal  layer. 

(iUbre$ce$U  is  used  to  si^fy  that  a  surface,  hairy  when  young,  becomes 
GBooth  when  the  leaf  is  mature,  by  the  hairs  falling  off.  Some 
iBiooik  soifaces  are  shining ;  and  this  is  very  often  the  case  with  the 
v^pfikr  surface  of  evergreen  leaves.  Hairy  surfaces  are  differently  denomi- 
QAted,  according  to  the  character  of  the  hairs  and  their  mode  of  occur- 
ivoce.  Tims  a  pilose  surface  is  covered  with  scattered  soft  and  small 
^m,  a  hirsKU  with  scattered  long  hairs,  a  hispid  with  scattered  stiff 
t<in;  'ie\a\id  9l  pubescent  surface  is  covered  closely  with  short  soft  hairs, 
a  iUkms  closely  with  longieh  weak  hairs ;  and  when  the  hairs  are  curled 
soil  interwoTen,  the  terms  siUcy  (sericeus),  toooUy  (lanatus),felted  (tomen- 
<0i«),  CT Jloeeose,  are  applied  according  to  the  coarseness  oi  the  hairs  and 
the  thickness  of  the  coat  they  foruL 

What  may  be  called  the  natural  smoothness  of  surfaces  may  be 
interfered  with  by  other  irrejndarities  analogous  in  their  nature  to  hiirs. 
flight,  almost  invisible  rigid  projections  render  the  surface  scabrous: 
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which  weak-steromed  plants  attach  themseivea  to  foreign  bodies. 
They  may  ba  modifications  of  any  part  of  the  leaf  or  of  s  bnuich. 

In  Zathyna  the  blade-structure  of  tlie  leaf  is  more  or  less  deficient  id 
difFerent  species.  In  L.  Aphaca  (S|r.  113}  it  is  wholly  wantiujir,  the 
petiole  running  out  into  a  teudril,  which  may  be  regordtNl  as  consisting 
either  of  the  lesf-stalk  Bluue,or  of  this  nud  the  midrib  of  the  lamina.  In 
L.  odoratua  (Sweet  Pea)  the  pinnntely  compound  leaf  has  one  pair  of 
leaflets,  and  usually  one  pair  of  tendrils,  and  a  terniinaJ  tendril  in  the 
oidinaiy  place  of  tne  remaining  leafict.  In  tbo  edible  (tardea  Pea  there 
are  several  pairs  of  leaflets,  and  often  several  pairs  of  tendrils,  with  a 
terminal  one.  In  GUiriuso  superha,  o.  Liliaceous  plant,  the  broad  ainiple 
lamina  runs  out  into  a  terminal  tendril  (fig.  114).  In  SmiUu:  (tig.  1  i'l) 
tlie  two  stipules  are  represented  by  a  pair  of  tendrils-,  while  in  the 
Cucurbitaceie  one  tendril  only  occurs,  which  some  regard  as  a  stipule, 
others  as  a  metamorpkused  leaf,  others,  agiiin,  as  a,  brnnch  or  peduncle. 
Fig.  HO. 

Fig.  115. 


Fig.  lU.  TsBdrili  aTSmilaz 

Fig.  11«.  L«t«  sad  f  Bdrili 
lie  tendrils  of  the  Vine  (lig.  110)  are  modified  flowering  branches, 
onginally  terminal  but  displaced  dating  growth  so  FIk   117 

as  to  become  placed  opposite  to  leaves,  and  often 
tuberculated  by  the  existence  of  abortive  flower- 
buds.  The  nature  of  the  axillary  tendrils  of  Paasiou- 
nowers  is  similar. 

Spiaes  (spims)  or  thorns  are  hard,  sharp- 
poinled  woody  processes,  formed,  like  tendrils, 
by  modificatiou  of  entire  organs  or  parts  of  such. 

Thu8  in  the  common  Berberry  some  of  the  leaves 
are  represented  by  compound  spines,  in  the  axils  of 
which  arise  faaciciilaie  proups  of  leaves.  In  the 
False  Acacia-tree  (Mobinia  Paeudacaoia)  the  stipules 
are  represented  by  a  pair  of  spines  at  the  base  of  tlie 
petiole  (fig.  117),  while  in  certain  species  of  Ailra-  <,'iop«i  u  .,>i.«. 
J7U/1W  the  petioles  are  coniertfld  into  spines  after  the  fall  of  their  Ie«a«l8. 
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LoiiAeeoiu  petiole,  rolled  up,  and  with  its  marginfl  confluent,  the  lid-like 
hodj  bang  Rgarded  as  the  lamina ;  hut  it  appears  p^      -^^-^ 

=:  are  correct  to  consider  the  pitcher  as  the  lamina  ^' 

f^mbliedwith  a  distinct  terminal  lohe  {operculum), 
^SarrBeeuiOy   a   North-American    hog-plant,    has 
Aii&Iogoas  pitchers,  which  are  sessile  at  the  hase 
cf  the  floweiing  stem;    Heliamphora  (Guiana) 
Itt.":  the  pitchers  less  complete,  the  inner  side 
b^g  alit  down  as   it  were  for  some  distance, 
fx^n.   the  imperfect  confluence    of  the  margins 
<"  the  leaf.    In  Dischidia  Jtafflesiana   the  pit- 
ejkprs  are  plainly  formed   from    the    hlade,  and 
v^  open  at  the  end  next   the  petiole;   and  a 
similar  condition  exists  in  the  pitchers  formed 
S>u   the   hracts  of  Marcgravia   and  Norantea, 
>cmewhat  allied  to  the  ahove,  on  a  small  scale, 
M*i  the  mtrieuii,  or  sacs  of  the  UtrictUaria  (fig. 
lii).  little  bladder-like  organs,  closed  at  first  by        ^"*^'*~  oSNepentu,. 
a  lid,  developed  from  some  of  the  lobes  of  the  leaves  of  these  aquatic 
plasty  and  app.trently  serving  as  ^  floats  "  and  as  traps  for  insects.    In 
4an'  aquatics  {Trapa,  &c.)  floats  are  formed  by  mfkdea 
fttiUt9j  consdtating  as  it  were  indehiscent  pitchers,  sur- 
Doanted  by  ordinary  blades. 

Teiatological  illustrations  of  the  origin  of  pitchers 
v^  occasionally  afforded  by  garden  plants.  This  has 
^-n  especially  observed  in  the  Tulip,  in  which  the 
I-if  next  the  flower-stalk  has  been  found  with  its 
mipns  completely  confluent  into  a  kind  of  spathe, 
«^aich  bursts  by  a  transverse  fissure  to  allow  the  flower 
tj  appear. 

Tendrils  (nVri)  are  thread-like  processes,  curled  spirally,  by 
Fig.  113. 


Fig.  114 


Fig.  112. 


Ufcrioulna  or  air- 
laoof  UirieMlaria. 


Tip  Its.  Icsre*  tAZathgryt*  i4pJUi4?a,repre8cnt«d  by  tendrili,  with  large  foliaceous  atipulei. 
f  f .  114.  IjoUdL  04oriom  guptrba,  prolonged  into  a  tendriL 
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them  on  the  outside  are  modified  leaf-structures,  forming  scales  iov 
the  protection  of  the  inner  leaves,  and  destined  to  fall  off  M'heL; 
the  bud  expands.  In  the  early  conditions,  the  flower-bud  is  essen- 
tiallj  analogous  to  a  leaf-bud ;  but  its  ultimate  history  is  different,, 
as  will  be  shown  hereafter. 

Many  of  the  general  characters  of  huds  have  been  described  already, 
under  the  head  of  the  stem  (pp.  34,  35)  ;  but  there  are  some  other  more 
special  peculiarities  which  requu-e  separate  treatment  here ;  and  repetition 
of  certain  more  important  facts  will  not  be  disadvantageous. 

In  all  seeds,  except  those  of  the  few  Orders  which  present  an 
incomplete  or  acotyledonous  embryo,  the  young  plant  is  possessed, 
at  or  soon  after  the  time  of  germination,  of  a  rudimentary  bud, 
called  the  plumule,  situated  at  the  point  of  growth  of  its  ascending 
axis   (figs.  120-122).      This  is  the  terminal  bud  of  the  young 

Fig.  122. 


Fig.  120.  Monocotyledonous  embiyo  of  PotamogetoHt  oat  through  perpendicularlj :  a,  rmdiclr ; 

6,  cotyledon ;  e,  plumule. 
Fig.  121.  Dicotyledonous  embryo  of  the  Bean  (Faba)^  with  the  ootyledons.  b'  V,  aeparated : 

a, radicle;  c, plumule. 
Fig.  122.  Diagram  of  a  germinating  Dicotyledon,  with  the  plumule  or  terminal  bud  between 

we  expanded  cotyledons. 

plant ;  and  stems  and  shoots  only  retain  the  power  of  elongating 
so  long  as  they  possess  such  a  bud  at  their  extremity.  When  it 
is  removed  by  artificial  means,  by  frost,  or,  by  metamorphosis,  is 
replaced  by  a  flower,  the  onward  growth  of  the  shoot  ceases. 

AziUary  bnds  are  the  origin  of  the  ramifications  of  stems. 
They  are  developed  in  the  axils  of  leaves  ;  and  as  they  unfold  into 
secondary  axes,  they  become  the  terminal  buds  of  such  shootn. 
Other  axillary  buds  are  formed  at  the  nodes  of  these  secondary 
shoots,  to  repeat  the  ramification  by  developing  into  tertiary  axes 
according  to  the  type  of  the  species  (see  p.  34). 

AdventitioiiB  or  accidexLtal  buds  are  those  which  appear,  con- 
trary to  the  usual  order,  at  indefinite  points,  unconnected  with  the 
axils  of  leaves.     Generally  speaking  they  are  abnormal  products, 
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preeeotiDg  themselves  under  special  conditions.  They  usually 
t<ctir  on  organs  in  a  very  active  state  of  vitality,  subjected  to 
•umulating  external  conditions,  especially  where,  through  natural 
or  arti^ci&l  operations,  there  is  an  absence  or  insutticiency  of 
cjnnal  buds  to  carry  o£E  the  developmental  energy  of  the  plant 
cr  organ. 

Adventitious  buds  may  be  produced  from  any  part  of  the  plant.  With 
iv*jard  to  those  produced  on  old  stems,  as  in  pollarded  trees,  or  those  which 
occur  on  subterraneous  stolons,  as  m  the  Kose,  Ash,  &c.,  it  is  not  always 
rtsy  to  decide  without  dissection  whether  the  buds  are  really  adventitious 
'•r  merely  latent  axillary  buds  stimulated  into  development ;  but  true  ad- 
T^Ddtioos  buds  do  occur.  The  production  of  adventitious  buds  on  true 
riuts  has  been  frequently  observed,  as  in  Pyrus  jajwfdca,  Maclura  awcmr- 
uceoy  Fctuhwnia  tn^^erialis,  &c. ;  and  the  Anemofiejapanica  is  commonly 
propagated  bv  cuttings  of  the  root.  The  formation  of  adventitious 
hods  on  leaves  is  a  still  more  remarkable  physiological  phenomenon.  It 
Las  beea  observed  chiefly  in  succulent  leaves,  but  it  is  not  exclusivelv  con- 
iaed  to  them.  When  it  takes  place,  the  first  sign  of  development  is  the 
prudnction  of  adventitious  roots,  followed  by  the  formation  of  a  cellular 
codula  which  subsequently  assumes  the  character  of  a  bud.  Among 
aatural  examples,  the  leaves  of  Cardamine  praterms  have  been  observed 
to  iVirm  adventitious  roots  on  the  lower  side  when  lying  upon  wet  ground, 
and  even  to  produce  buds ;  the  leaves  of  several  Ferns,  such  as  Woodtcar- 
dia  radicans,  root  at  the  end,  and  produce  buds  which  propagate  the  plant ; 
and  many  similar  instances  might  be  cited.  Artificial  production  of  buds 
•  a  leaves  is  now  a  familiar  fact,  under  the  influence  of  heat  and  moisture, 
3ot  only  on  the  scales  of  bulbs,  but  on  the  green  leaves  or  even  fragments 
•tf  the  leaves  of  Bryophyllum,  Echeveria,  Oloainiay  Gestieraj  Hoya^  &c. ; 
the  Orange  and  the  Auciiba  japonica  may  also  be  propagated  by  their 
leaves.  Sometimes  the  leaves  produce  rootlets  alone,  and  remain  stationary 
without  having  force  enough  to  develop  a  bud. 

The  formation  of  adventitious  buds  on  leaves,  especially  in  BryophyUum, 
where  a  number  are  often  produced,  arranged  on  the  margin,  is  of  great 
mterest  in  connexion  with  the  theories  of  the  structure  of  ovaries  and 
the  origin  of  the  ovules. 

Bad-scales. — The  bud  which  continues  the  growth  from  the 
plumule  of  a  germinating  plant  (fig.  122),  and  the  axillary  buds 
produced  during  a  season  of  active  growth,  are  composed  of  rudi- 
mentary leaves ;  but  the  winter-  or  resting  buds  formed  on  most 
deciduous  trees  and  shrubs  of  temperate  climates  present  the 
modified  foliar  organs  called  hud-scales  (perulce),  analogous  to  the 
fecsles  of  bulbs  and  other  subterraneous  buds  of  herbaceous  plants 
(ligs.  123  and  124).  Buds  without  scales  are  called  ixaked.  The 
uaUi,  when  present,  are  mostly  of  leathery  or  membranous  texture, 
aad  are  often  clothed  more  or  less  densely  with  hairs,  which  are 
eomedmes  glandular  and  produce  a  resinous  or  glutinous  secretion, 
which  exudes  when  the  buds  swell. 
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When  winter-buds  swell  and  open,  thwiwing  off  tbeir  BC«leB,  the  intfT 
nodes  between  the  Utter  do  not  elongate,  while  those  between  the  na." 
cent  leaves  do ;  consequently  the  stnrting-point  of  each  annual  perio> 
of  growth  of  »  branch  with  an  indefinitelj  developed  terminal  bud  i 
i  marking  the  place  where  the  scale 

Fig.  123. 

Fig.lS4. 


The  first  two  scales  of  a  bud  of  a  dicotytedonous  plant,  like  the 
two  cotyledons  of  the  embryo,  usually  stand  right  and  left  of  the 
axil  on  which  the  bud  arises ;  the  sucoeedin^  scales  assume  at  once 
the  r^ular  character  of  arrangement  of  the  leaves  of  the  species. 

In  winter-buds  there  is  conimonly  a  gnidiiitl  transition  from  the  puTS 
scale  to  the  true  leaf  (fig.  124),  as  occurs  in  bulbs :  and  the  scales,  ss  in 
bulbs,  are  referable  ehieHy  to  the  raginal  or  petiolar  portion  of  the  leaf. 
But  the  scales  originate  differently  in  diilerent  caoes ;  thus  we  haye 
petiolar  $cale»,  as  in  the  Walnut  and  Horse^hestout ;  gtipular  gcala,  as  in 
the  Vine,  Oalis,  Elm,  Poplnrs,  &c.;  in  this  case,  however,  especiallr  in 
the  outer  scales,  the  stipules  and  the  petiole  are  confluent  into  one  organ 
(Pninm,  ifoia,  &c.)  (flir.  124).  Juttdwou*  scnfrit  are  formed  by  the  blade 
of  the  leaf,  of  which  we  have  examples  in  the  Lilac,  Maples,  Conifene, 
&c. 

Vflrnatioa. — The  mode  in  which  rudimentarj'  leaves  are  arranged 
in  leaf'buds  is  called  the  vernation,  and  funiishes  important  syste- 
matic characters.  Two  points  have  to  be  regarded  here,  vi*. : — 
1,  the  arrangement  of  the  leaves  in  relation  to  each  other;  and, 
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i  tbe  manner  in  which  each  separate  leaf  is  folded.    The  general 

irrui^eoient  is  called  imbricate  or  valvate,  according  as  the  margins 

:  the  leaves  overlap  one  another  or  simply  meet  without  over- 

■fping;  but  more  minute  distinctions  are  observed,  and  these 

>pHid  to  a  great  extent  on  the  phyllotaxis  of  the  species.     Thus 

▼itb  the  |,  {,  or  other  spiral  plan,  we  have  usually  triquetrous 

1:.  126)  or  qoincuncial  (fig.  128)  imbricate  buds  proper ;  with 

iir^mate  ^  or  distichous  leaves  the  vernation  may  be  equitant  (fig. 

i:!'5).  where  each  leaf,  sharply  folded  (c(mdnplicate),  completely 

Fig.  128.  Fig.  128. 

Fig.  125.  ^  \     ^ — r-^     / 


Rg.  127. 


t^MtifOiiT  throof  h  BodB,  showing  their  reciprocal  Temation. 

Fig.  12&  Imbrimted,  and  eqaitaot  (of  a  GraM). 
Fig.  126.  Imbrioated,  triqaetroua  (of  a  Carez). 
Fig.  127.  Indnplieate,  decuaaate  (of  ihe  Apple). 
Fig.  US.  Imbnoated,  qoinoimoial  (of  a  Poplar). 

fxbraees  its  saccessor  (as  in  the  Flag),  or  half-equitant  or  obvolute, 
vb^re  tbe  leaves  are  similarly  folded,  but  each  leaf  embraces  only 
03e  (Isteral)  half  of  the  blade  of  its  su(x»^sor.  V€ilvate  buds  occur 
iBiatlj  where  the  leaves  are  opposite  ;  a  modification  of  this  form 
^n<ts  where  the  margins  of  the  leaves  are  rolled  inwards  (fig.  127), 
vid  is  called  induplieate  vernation. 

The  individual    leaves      Fig.  129.        Fig.  130.  Fig.  131. 

in  t  bad  are  either  fiat^  ^ 

fl^fd,oT  rolled.     For  the  ^<^         /^^  /\ 

int,  of  course,  no  special  ^  ^         fir^ft         Q^   ^^ 

Wm  is  requisite.  Of  the 
Wed  leaves  we  have : — 
TffUnnte^  or  inflexed,where 
tl)e  leaf  is  folded  honzon- 
^l.T,  so  that  the  point  is 
broQgbt  down  to  the  base 
ilAriodendron) ;  eondupli' 
^"^  (fig.  125),  where  the  leaf  is  folded  perpendicularly  at  the 


v° 


BeolionB  tiiroogh  leares  showing  their 
indiTiaaal  yematton. 

Fig.  129.  Vernation  of  a  plicate  leaf. 
Fig.  ISO.  Vernation  of  aoonTolute  lea£ 
Fig.  131.  Vernation  of  reTolntelearei. 
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midrib  and  the  lateral  halves  are  placed  face  to  face  (Oak)  ;  an<  I 
Itlicate  (fig.  129),  where  the  blade  exhibits  several  per|>endicula  i 
folds,  as  in  a  fan  (Vine,  Beech,  Maple,  Currant,  &c.)  ;  this  last  i:  i 
often  combined  with  the  preceding.  When  rolled  up,  also,  th<i 
rolling  may  take  place  in  either  direction :  where  the  apex  of  thti 
leaf  is  rolled  down  toward  the  base,  as  in  the  Ferns  and  in  thei 
flower-stalk  of  Drosera,  it  is  circinate ;  if  the  leaf  is  rolled  up  fromi 
side  to  side  like  a  plan,  with  only  one  edge  free,  as  in  the  Cherri' 
&c.,  it  is  convolute  {^^,  130)  ;  when  both  margins  are  rolled  inward 
toward  the  midrib,  it  is  involute  (fig.  127)  ;  and  when  both  margins 
are  rolled  outward  toward  the  midrib,  it  is  revolute  (fig.  131). 


Sect.  6.  The  Ixflobescekce. 

In  all  Flowering  Plants,  a  portion  of  the  buds  change  their 
character  at  certain  periods  and  in  certain  situations.  They  cease 
to  elongate  and  produce  true  leaves,  while  the  foliaceous  organs  of 
which  they  are  composed  are  gradually  developed  into  that  assem- 
blage of  organs  which  constitutes  a  flower. 

So  intimately  are  the  leaf-bud  and  flower-bud  related,  that,  under 
peculiar  conditiona,  producing  monstrous  growths,  flower-buds  are  seen 
to  expand  into  tufts  of  green  leaves,  or  imperfect  flowers  to  throw  out 
leafy  shoots  from  their  centres;  such  cases  are  often  observed,  for  instance, 
in  cultivated  Roses ;  and  leaf-shoots  may  likewise  exhibit  more  or  less  of 
the  characteristics  of  a  fiower,  &c 

Flower-buds  are  subject  to  the  same  laws  of  arrangement  as 
leaf-buds.  The  buds  which  commence  the  growth  of  the  repzx>- 
ductive  structures  may  bfe  at  once  developed  into  solitary  flowers, 
or,  as  is  more  common,  the  blossom-buds  unfold  into  a  system  of 
branches  terminating  in  flowers,  the  branches  all  originating  in  the 
axils  of  modified  leaves,  called  bracts.  The  solitary  flower,  or  the 
connected  system  of  flowers  arising  from  one  point,  is  called  the 
injlorescence,  which  is  either  terminal  or  axillary. 

The  inflorescence  is  produced  from  the  terminal  bud,  or  from  this  and 
one  or  more  of  the  upper  axillary  buds,  in  most  annual  plants ;  and  there 
is  often  a  gradual  transition  from  the  true-leaf  stem  into  the  bract-region, 
or  inflorescence.  The  same  is  the  case,  to  a  great  extent,  with  the 
floweiing  stems  of  biennials.  The  inflorescence  of  herbaceous  perennials, 
bulbs,  &c.  is  either  terminal  or  axillary^  as  is  that  of  arborescent  plants. 
In  the  Horse-chestnut  (tig.  123)  and  Lilac,  for  example,  the  terminal 
bud  usually  ends  in  a  blossom,  while  in  the  Apple  and  its  allies  the  inflo- 
rescence is  axillary. 

When  the  inflorescence  is  developed  from  the  terminal  bud  of  an  un- 
brauched  stem,  the  growth  of  the  plant  ends  in  the  blossoming,  as  is  the 
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cid«>  in  tike  Agave^  the  Talipot  and  other  PalmSy  which  require  a  number 
«-i  years  to  \>ring  them  to  the  point  of  iloweiiDgy  after  which  they  die 
^vAVylike  a  bulb  with  a  terminal  inflorescence,  the  plant  being  some- 
t^iie::^  propagated  at  the  same  time  by  offiiets  from  the  axils  of  the  lower 
i»ves.  The  infloreecence  of  other  unbranched  Palms,  such  as  the  Cocoa- 
I'iX,  is  axillary,  and  thus  may  be  repeated  indefinitely. 

A  flower-bud  may  be  either  sesstU  or  stalked ;  if  the  latter,  the 
'^talk  19  called  the  peduncle.  The  branches  of  the  peduncle  or  the 
^k^er  stalks  bearing  the  individual  flowers  are  called  pedicels, 
lad  that  portion  of  the  main  flower-stalk  or  axis  from  which  the 
pedicels  spring  is  sometimes  called  the  rachis. 

Solitajry  flowers. — The  simplest  forms  of  inflorescence  consist 
d  solitary  flowers,  either  terminal  (as  in  the  Tulip),  or  axillary, 
7hiea  simple  peduncles  arise  from  the  axils  of  ordinary  leaves  (as 
UL  Lysimachia  Nummularia,  see  also  iig.  13,  p.  23). 

The  term  scape  (scofnts)  is  applied  to  a  stem  devoid  of  true  leaves, 
ri^ng  underground  from  the  terminal  bud  or  from  the  axil  of  a  scale  or 
kaf  of  a  rhizome,  bulb,  &c.  It  may  bear  a  single  flower,  as  in  the  Tulip, 
or  a  {rroup  of  flowers,  as  in  the  Hyacinth,  or  a  ^'  head  "  of  flowers,  as  m 
tiiA  Daisy,  Dandelion,  &c 

Wheo  solitary  flowers  arise  in  the  axils  of  ordinary  leaves,  the  flower- 
)nl  or  bractr-Tegion  of  the  stem  is  scarcely  represented  (fig.  13),  or,  at 
Utftj  does  not  differ  from  the  true-leaf  region ;  but,  generally  speaking, 
tLo^e  parts  of  the  stem  which  bear  flowers  are  separated  to  a  certain  ex- 
u^t  from  the  true-leaf  re^on,  and  form  a  distinct  association  of  parts, 
rrpredentin^  the  bract-region.  In  the  flowering  stems  of  annuals  and 
lirnmals  it  is  often  dilficult  to  draw  a  line  at  the  boundary  of  the  true- 
!-flf  region  and  the  inflorescence,  from  the  leaves  passing  msensibly  into 
bnrts  from  below  upwards,  as  in  the  Foxglove. 

Bracts. — The  leaves  of  the  flower-leaf  region  of  the  stem  are 
called  bracts.  They  are  mostly  smaller  than  the  leaves  preceding 
them,  usually  simple,  and  often  scale-like,  or  glumaeeous,  consisting 
of  the  vaginal  portion  of  the  leaf  only.  In  the  generality  of  cases 
they  aze  green  ;  but  not  unfrequently  they  are  tinged  with  the  same 
eoloors  as  flowers  (as  in  various  Sages),  or  are  even  entirely  petaloid. 
In  other  cases  they  are  membranous,  and  then  often  very  transient 
in  their  existence.  The  diminutive  term  hracteole  is  applied  to  the 
suall  bracts  which  occur  on  the  pedicels  of  certain  plants,  often 
in  pairs. 

The  tenn  hracUole  is  loosely  applied  by  some  authors  to  the  smaller 

bncts  (d  a  compound  inflorescence ;  but  it  is  much  more  convenient  to 

ii«  the  term  brcui  for  all  leaves  which  subtend  branches  of  the  inflo- 

itoieeaoe,  and  to  call  those  scales  bractedes  which  occur  on  an  ultimate 

pedioeL  as  in  man j  Leguminosfe.     In  Monocotyledons  there  is  usually 
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a  single  bracteole,  while  in  many  Dicotjledons  there  are  two ;  in  the 
former  case  the  anterior  surface  of  the  bracteole  is  directed  towards  the 

Erimary  axis  from  which  the  flower  is  |)roducedy  in  the  latter  the  two  I 
racteoles  are  lateral  or  obUque  to  the  axis.  I 

As  a  general  rule,  all  ramifications  of  inflorescence  arise  in 
the  axils  of  bracts ;  but  the  bracts  are  sometimes  regularly  abor- 
tive, as  in  the  CrucifersB.  On  the  other  hand,  we  sometimes  find 
the  lower  part  of  the  inflorescence  crowded  with  bracts  with  empty 
axils. 

Spathe. — In  many  plants  the  bract  subtending  the  whole  inflo- 
rescence or  its  principal  branches  is  large,  and  forms  a  kind  of 
sheath,  called  a  spathe.  Sometimes  this  surrounds  only  one  flower, 
as  in  some  Daffodils,  <&c.,  where  it  is  of  membranous  texture ;  the 
membranous  spathe  of  the  Onion  and  its  allies  encloses  a  dense 
inflorescence ;  in  the  Araceae  (fig.  133)  it  is  still  more  developed, 
and  sometimes  of  petaloid  structure,  as  in  the  so-called  Trumpet- 
lily  {Richanlia  crthiopica),  where  it  encloses  the  club-like  inflores- 
cence ;  while  in  the  Palms  (fig.  134)  it  assumes  enormous  dimen- 
sions and  a  leaf-like  or  even  fibrous  texture,  forming  a  sheath  to  & 
large  and  greatly  ramified  inflorescence. 

Involucre. — In  other  cases,  several  bracts  are  collected  together, 
forming  a  whorl  or  densely  packed  spire,  called  an  involucre.  The 
Umbellifer©  have  frequently  verticillate  involucres  at  the  base  of 
the  umbels,  and  sometimes  secondary  whorls  or  involttcels  at  the 
base  of  the  secondary  umbels  (fig.  140).  In  the  Compositae  also, 
where  the  flowers  are  crowded  on  a  common  receptacle,  the  bracts 
form  an  involucre  (figs.  141-146) ;  smaller  scale-like  bracts  occur- 
ring among  the  florets  of  these  capitula  are  called  palecR  (figs.  14o 
&  146).  Other  examples  of  involucre  are  furnished  by  the  cvpuhs 
of  the  Oak,  Beech,  Filbert,  &c.,  wherein  the  bracts  are  united  or 
not  disconnected  at  the  base ;  also  by  the  outer  glumes  or  scales  of 
the  spikelets  of  Grasses. 

Forms  of  Inflorescence. — ^The  different  forms  of  the  Inflo- 
rescence are  divisible  into  two  classes: — 1,  the  indefinite^  where 
the  terminal  bud  of  the  main  or  primary  axis  does  not  form  a 
flower,  the  flowers  being  borne  on  secondary  lateral  branches, 
which  are  as  a  rule  smaller  and  weaker  than  the  main  axis ;  and,  *^^ 
the  definite^  where  the  primary  axes  either  bear  terminal  flover- 
buds,  while  the  succeeding  flowers  spring  from  secondary  curiUanf 
branches  produced  lower  down,  and  subsequently  to  the  terminal 
bud,  or  branch  in  a  forked  manner  without  producing  a  flower 
in  the  centre  of  the  fork.  The  secondary  branches  ate  here  as 
strong  or  stronger  than  the  main  axis.    The  forking  is  not  neces- 
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t«rily  a  trae  dichotomy,  but  mnj  apparently  be  so  owing  to  the 
3borti<Hi  of  the  terminal  bud. 

F^iaiDplea  of  the  indefinite  form  ate  seen  in  the  Cruciferffi,  especially 
ttie  Wallflower,  where  a  few  flowers  at  first  appear  in  a  tuft,  while  the 
(ir*d-veaielB  are  afterwards  wide  upsrt  on  Bnelon|2atednicerae,the  upper- 
mmt  beiDg  the  jounjrest.  In  the  Foxelove  and  similar  plnDla  we  may 
yruduce  a  very  long  dsTelopment  of  the  iudefinite  structure  by  picking 
cffthe  lower  flowers  as  they  wither,  when,  as  no  seed  is  fomied,  the  in- 
dttiDite  teimioal  hud  retains  its  energy,  and  continues  to  lengthen  until 
liiF  plant  is  eihausted.  On  the  other  hand  we  observe,  in  the  Sweet- 
^'illiam,  the  Elder,  and  the  Hydrangea,  the  centre  flower  of  a  tuft  opens 
ti.-it.  and  the  definite  inflorescence  becomes  wider  and  wider,  but  never 
eloDgates  or  growB  out  in  the  centre. 


Fig.  132. 


Rg.  134. 


ig.  138. 


--, , „ 5, Kg.  IM,  Compound  ipailiiind  ■iMlhf  oTi  Pilrn. 

N-I9K  BiiaaiiaDdifKtlieufaitti.       Fig.  13fi.  CaiiicKniidi|,ika.irilhi|>ikelcla,orXt>Jii>iih 

When  tta  indrjiniie  infloFeHc«nce  is  elongntod  the  lowermost 
flonere  open  first,  while  if  it  be  of  aflat-topped  or  crowded  character, 
ilie  autermost  flowers  open  first  and  the  central  ones  last,  as  in 
the  cspitula  of  the  Composites.  Hence  the  indefinite  forms  of 
inSoresoeiice  are  sometimes  called  teatripMaX  or  proffreMive,  and  the 
deGoite  centrilCyal  or  rct/rtuive. 

There  is  an  exception  to  tbe  ordinary  regulari^  in  the  eapilula  of 
lUptoetu  (TeazelJ,  where  the  florets  open  tirst  hiufway  up,  and  then 
proceed  both  cantiipetallv  and  centrifugally. 
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Kg.  136. 


Forms  of  Indefinite  Inflorescence. — Of  the  Indefinite  Infiores^ 
cence  the  following  are  the  most  important  forms  : — ^the  spike,  the 
raceme,  the  corymb,  the  umbel,  and  the  capitulum. 

Spike. — The  spike  is  a  long  simple  axis  or  rachis  bearing  sessile 
flowers,  either  standing  at  intervals,  as  in  the  Vervain  (fig.  132), 
or  crowded,  as  in  the  common  Plantain  and  many  Sedges, 

Several  modifications  of  the  spike  have  distinct  names.  When 
the  rachis  bears  large,  persistent,  imbricated  bract-scales,  it  forms 
a  cone  or  strobile,  as  in  the  Firs  and  Pines.  When  it  is  thick  and 
fleshy,  with  the  flowers  more  or  less  imbedded  in  it,  the 
term  spndiv  is  applied,  of  which  the  Aracese  furnish  examples 
(fig.  133)  ;  the  same  term  is  con- 
veniently retained  when  this  fleshy  axis  is 
branched,  as  in  the  Palms  (fig.  134).  The 
so-called  spikes  of  many  Grasses,  such  as 
Wheat,  Barley,  Rye-grass  (fig.  135),  Cat's- 
tail-grass,  &c.,  are  also  compound  spikes, 
since  in  place  of  single  flowers  the  rachis 
bears  gptkekts  or  short  axes  with  several 
sessile  flowers.  The  term  catkin  (amentum) 
is  applied  to  the  pendent,  often  caducous, 
spike-like  inflorescence  of  the  Willow, 
Foplar,  Birch  (fig.  136),  and  the  male  in- 
florescence of  the  Oak,  Filbert,  Chestnut, 
&c. ;  in  these  the  bracts  have  sometimes 
one,  sometimes  several  flowers  in  their 
axils.  The  flowers  in  catkins  are  usually 
unisexual. 

Baceme. — The  raceni.e  differs  from  the  spike  in  having  the 
flowers  distinctly  stalked,  the  main  rachis  being  unbranched,  as 
in  the  Hyacinth,  &c. 

Corymb. — The  corymb  is  formed  when  the  flowers  originate  as  in  the 
raceme,  but  the  lower  ones  are  raised  on  longer  stalks  than  the  upper 
ones,  so  as  to  bring  them  all  nearly  on  a  level,  as  in  Omithogalwn 
Xfig.  137),  &c. 

As  already  noticed,  a  corymbose  inflorescence  sometimes  grows  out 
into  a  raceme  while  the  fruits  are  ripening,  as  is  seen  in  many  Crucifene. 
The  relation  between  the  two  forms,  or,  more  properly,  between  the 
panicled  and  the  corymbose  state  of  the  same  inflorescence,  is  well  seen 
in  comparing  a  Cauliflower  as  fit  for  the  table  with  the  expanded  in- 
florescence of  the  same  plant  when  allowed  to  run  to  seed. 

Panicle. — A  panicle  is  formed  when  the  main  rachis  is  more  or 
less  branched  ;  it  is  hence  a  series  of  racemes  on  a  branched  rachis. 
The  term  panicled  is  often  used  in  a  general  sense,  to  signify  a 
much-branched  inflorescence,  whether  definite  or  indefinite. 


Male  and  femiU<>  catkuia 
of  the  Birch. 
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Fig,  1S8. 


Lnie]ed<i7ineof.lfuir 

FifT.  140. 


CompaUBd  umlHl  of  tbc  Curst. 

Umbel. — The  umbfl  is  formed  bv  a  number  of  single  flowers 
"Onie  oD  long  stalks  of  Dt-arly  equal  length  ariBing  from  one  point, 
w  in  the  common  Cherry,  the  Cotrelip,  &c.  In  the  family  of  Um- 
WUtpfK,  go  called  from  the  prcTalence  of  this  inflorescence,  the 
nmbwU  Me  mostly  eompounrl  (fig.  140) ;  that  is,  the  firet  set  of 
Hnncles  do  nob  bear  flowers,  but  secondary  seta  of  radiating 
tranche,  forming  umfielluUi,  or  secondary  umljels.  Inflorescences 
uf  this  gmend  chaiacter  are  termed  ambellait  even  n-hen  delinite. 
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L'mbelfl  luuallj  have  an  iuvolucre  at  the  bnae  of  the  radii,  M  not« 
above.  The  simple  iinibela  of  the  Onion  group  ore  orijpa&lly  enclosed  i 
a  menibraiious  spatbe. 

Capitnlnm  or  HBai— The  capituJum  in  mostly  formed  by  th 
rachis  eipauiliiig  into  a  thickened  mass,  surrounded  by  an  involufr 
of  overlapping  bracts,  presenting  a  convex,  flat,  or  concave  surfao 
(eommoit  rece/iUicU),  upon  which  are  crowded  a  great  number  o 
sessile  flowers,  as  in  the  families  of  Compositie  and  Dipsact'S 
(Ggs.  141-140).  la  the  Comijositie  there  are  often  Httle  mem 
^?-  m.  Fg.  142.  Pig.  1*3.        ng.  144. 


1  Reocptwle  oT  tbE  Uui 


llDm  of  AbMom. 


plant  with  k  paliBoeaiu  mspMcla. 


branous  bracts  (jjhIak)  at  the  outside  of  each  flower  (figs.  145, 14C); 
bi  the  Uipsoces  each  flotver  is  surrounded  by  a  cup-like  involucel 
(fig.  142). 

The  Howera  crowded  together  in  the  capituJa  of  Compositte  are  Bnmll 
and  of  various  forros,  so  arranged  as  to  give  the  whole  the  outward  aspect 
of  ft  single  flower;  hence  this  iiidorescente  was  formerly  called  a  comptwnii 
JUnctr,  and  its  involucre  a  cummim  aJyx. 
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The  flotF€T8  in  the  capituU  of  the  CompoaiUe  are  called  jtoret* ; 
ind  different  names  ure  applied  to  this  inflorescence,  according  to 
ibe  mode  of  amugement  of  the  florets.  In  the  Baiay,  we  observe 
a  yellov  middle  dvHc  and  a  white  or  pinkish  ray ;  the  di»lc  is  com- 
[KMed  of  florets  different  in  character  fram  the  spreading  floreta 
I'f  the  ray  (flg.  145).  Some  capitula  are  wholly  ditcoid,  such  as 
tficiee  of  Groundsel  (&m«cto  vul^arit),  of  Thistle,  &c. ;  others  are 
«b<^Y  radiaut,  such  as  those  of  the  Dandelion,  Lettuce,  &c. 

It  ihould  be  observt^  thst  cultivatjon  tends  to  coDvert  tubular  florets 
icto  ipmding  ones,  and  so  to  obliterate  the  jellow  disk  or  "  eya,"  a«  we 
observe  in  the  Dahlia,  garden  Dsisj,  &c. 

C^itula  of  leas  marked  character  are  found  in  other  families, 
There,  however,  the  involucre  u  wanting ;  for  example,  the  flowers 
of  Oover  (Trifolium)  have  a  capitular  arrangement,  as  also  those 
of  many  Proteaceous  plants  {Banksia).  hi  the  i'ig  the  peduncle 
ur  common  receptacle  is  fleshy  and  excavated  (fig.  147),  the 
flowers  being  inside  and  developed  centrifiigally ;  in  DorsUnia 
'til!.  148)  the  receptacle  is  flat  or  slightly  concave  on  the  too, 
ibile  in  Artocarpa*  and  other  cases  the  flowers  are  on  the  outside 
cf  s  convex  peduncle.  These  forms  of  inflorescence  are  only  slight 
modifioitionfi  of  the  capitwlum.  Such  inflorescences  mu!!t  not  be 
raafoundtfd  with  the  concave  top  of  the  flower-stalk  enclosing  the 
ivpels  of  a  single  flower,  as  in  the  Bose. 

Fig.  H7.  Fig.  148. 


K  rfth*  Fig :  lbs  dowen  imiiio  thf  eicmtri  Bwhr  rMtpUde. 
!»,  ,Bi».™«>-«o(I'«'»'"«";  th.  BowmiiDbiiid«liiiJhiill««h)rn«iitiiclt!. 
nj.  IM^  Cimpoiuid  uimbeUMa  ipAo  inllonj«*ii«  of  iliffi/ano. 

Fomu  of  Deflnite  Inflorescence. — The  forms  of  definite  inflores- 
MUK  are  also  termed  eynuae,  the  term  cyme  (fig.  150)  being 
TMj  gener^  in  iU  application ;  for  it  is  used  in  reference  to  a 
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number  of  forms  more  or  less  resembling  outwardly  the  raoeme 
corymb,  and  others  of  the   indefinite  type,  but  all  agreeing  ii 


Fig.  160. 


Fig.  161. 


Piohatifon  or  diduMuJ  cjme  of  CeraHium, 


Soorpiold  cxme  of 


producing  a  primary  terminal  flower  on  each  shoot,  and  con- 
tinuing the  subsequent  evolution  by  secondary  axillary  develop- 
ment, the  development  of  the  lateral  shoots  being  thus  more  vigor- 
ous than  that  of  the  primary  shoot. 

The  loose  cymose  inflorescence  of  many  CaryophyllaceflB  illoatrates  the 
definite  mode  of  growth  very  clearly  ;  the  primary  axis  terminates  in  a 
flower  (figs.  160,  162),  then  oranches  arise  m  the  axils  of  a  pair  of  bracts 
lower  down ;  these  branches  repeat  the  process,  and  their  branches  tgaui, 
until  the  flowering  shoot  is  exhausted. 

Cymose  inflorescences  admit  of  division  into  two  principal 
groups,  according  as  they  are  manopodial  or  sympodial  (see  an/<f, 
p.  39). 

Monopodial  Cymes. — Each  branch  of  the  inflorescence  is  here 
terminated  by  a  primary  flower  (fig.  152,  i),  below  which  are  deve- 
loped two  or  more  secondary  flower-stalks,  one  on  each  side,  and 
each  in  its  turn  surmounted  by  a  flower  (fig.  152,  n,  m,  iv).  The 
simplest  form  of  this  is  the  dichasium  (figs.  150, 152),  the  cyme  Upare 
of  the  French.  There  is  no  true  dichotomy  in  such  instances,  the 
appearance  of  such  being  due  to  the  superior  development  of  the 
side  branches  as  compared  with  that  of  the  terminal  one. 

Sympodial  Cymes. — These  may  be  called  unilateral,  as  in  tbem 
the  secondary  branches  of  the  same  degree  are  developed  on  one  side 
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oolj:  thus  the  primary  flower-stalk  or  axis  ends  in  a  flower: 
Heoeath  this  arise  not  two  branches,  one  on  either  side,  as  in  a 
ikzhasiom^  but  one  onlj,  this  one  being  terminated  by  a  flower  like 
tje  primary  branch  and  giving  ofE  a  tertiary  branch  as  before 
%.  153).     The  flower-stalks  here  appear  to  be  opposite  to  the 


Fig.  162. 


w%^ 


fig.  153. 


Rg.l64. 
irft  Fl  T^i   II    IF FW  If 

Of 


Kn^  lO-lM.  Diifruns  fllnatrating  tiie  oentriltagftl  derelopmrat  of  ojmoM  infloresoenoet. 
fiUH  %  flobow  dinhfimal  cyme ;  1^^,169  m  ■mpodial  aoorpioid  oTine,  the  dotted  lines 

iadiflato  tli*  muuurtmaod  branohee:  flc.  IM  a  eomnboM  ojme.    One  of  the  liitenU 

hraaehfli  aft  Ilfit  abortiTe.  ^ 

bncts ;  but  the  bract  in  this  case  belongs  not  to  the  flower-stalk 
immediately  opposite  to  it,  which  is  a  primary  formation,  but  to  the 
KcoDdary  flower^stalk  which  springs  trom  its  axil. 

Hie  fahridiary  flower-stalks  are  sometimes  developed  all  on  the  same 
fide  when  the  inflorescence  becomes  curled  from  the  greater  growth  on 
ooe  side  than  on  the  other.  Such  cymes  are  called  scorpioid  cymes  (fig. 
1*^1).  At  other  times  the  subsidiary  pedicels  or  flower-etalks  are  de- 
^loped  altemately,  first  on  one  side  and  then  on  the  other,  when  the  in- 
fl^iMcenoe  has  a  ogztig  shape.  When  the  main  rachis  is  a  sympode  (p.  30), 
lod  the  flowers,  instead  of  being  all  on  one  or  on  two  opposite  sides,  are  dis- 
P<^  Bpindly,  the  term  heUeoid  a/tue  is  given.  In  these  forms  of  cyme  one 
of  a  pair  of  peduncles  is  generally  systematically  suppressed,  and  this 
^Tpens  eofioeasirely  on  one  side  of  the  main  rachis  of  the  inflorescence^  or, 

g2 
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88  has  been  said,  alternately,  now  on  this  side,  now  on  that.  This  main 
rachis  is  therefore  not  formed  by  one  continuously  growing  shoot,  but  by 
a  succession  of  shoots  of  different  generations  placed  one  over  the  other 
in  definite  order,  thus  forming  a  sympode  (see  a$Ue,  p.  39).  In  this  manner 
we  may  have  spieate  or  racemose  gympodial  cymes  closely  resembling,  on 
a  superficial  inspection,  spikes  or  racemes.  If  the  bracts  are  present  the 
true  nature  of  the  inflorescence  is  apparent,  because  in  that  case  the  pe- 
duncles are  on  the  opposite  side  of  the  axis  to  the  bracts,  dAinHdianthemum, 
It  often  happens,  however,  in  these  cases  that  the  bracts  are  wholiy 
wanting,  as  m  Boraginacess,  in  which  the  scorpioid  cyme  has  been  attri- 
buted to  repeated  forking  of  the  growing  point ;  but  the  sympodial  theory 
is  the  more  probable. 

FomiB  of  Cymes. — The  form  of  the  cyme  is  sometimes  further 
indicated  by  such  terms  as  a  globose  cyme,  a  linear  cyme,  and 
so  on.  When  the  flowers  are  nearly  sessile,  forming  a  dense  flat- 
topped  bunch,  such  as  we  see  in  the  Sweet- William  and  other 
species  of  Dianthus,  the  term  fasciculus  is  sometimes  used.  Where 
a  cymose  tuft  of  only  a  few  flowers,  crowded  together  in  this  way, 
occurs  in  the  axil  of  an  ordinary  leaf,  the  inflorescence  is  sometimes 
called  a  glomerulus,  as  in  many  of  the  Labiat«B. 

Compotixid  Inflorescence.— Some  plants,  especially  herbaceous 
perennials,  have  compound  inflorescence,  wherein  the  flowering  region 
of  the  stem  appears  to  be  composed  of  a  number  of  distinct  inflores- 
cences arranged  on  a  regular  plan.  The  plan  of  the  ramiflcatiun  of 
the  main  axis  mav  be  the  same  as  that  of  the  individual  inflorescence, 
as  in  the  UmbellifersQ,  where  both  the  primary  and  the  secondary 
umbels  unfold  centripetally ;  sometimes  the  separate  inflorescences 
are  arranged  in  a  different  form  belonging  to  the  same  class,  as  in 
the  case  of  the  umbellate  collection  of  spikes  in  certain  Grasses 
(Digitaria,  fig.  149),  Ac. 

lEized  Inflorescence. — ^In  other  cases  there  is  a  mixed  condition, 
since  in  many  Composite  the  individual  capitula  are  centripetally 
developed,  while  they  succeed  one  another  on  the  main  stem  in  a 
centrifugal  or  cymose  order ;  in  the  Labiat®  the  cymose  axillary 
glomerules  (which,  occurring  opposite  to  each  other,  form  verticil- 
tasters  or  false  whorls)  are  developed  from  below  upwards,  the  main 
stem  being  indefinite,  and  they  are  often  crowded  together  above 
so  as  to  form  a  kind  of  compound  spike. 

The  general  facts  of  the  morphology  of  the  different  forms  of  inflo- 
rescence are  thus  seen  to  be  conformable  to  the  laws  ruling  the  develop- 
ment and  ramification  of  the  stem,  as  already  explained. 

The  different  modes  of  inflorescences  often  pass  one  into  the  other,  and 
such  inflorescence  as  scorpioid  cymes  may  originate  either  in  the  maoner 
above  described,  or,  very  rarely,  by  direct  forking  of  the  growing  point 
[Warming].    The  difference  between  a  dichotomy  of  the  growing  point 
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ai  litai]  nmilication  le  not  fundamentii] ;  and,  6g»iri,  vhere  true  dicho- 
i-oT  taata  it  in  rare  for  the  two  divisioDB  to  be  developed  in  the  same 
■iWM.  Id  some  scorpiold  cymes  one  diTisioa  becomiis  A  flower-bud, 
iRotb«r  Rpe«t«i  the  nimilicatioD  of  the  szie, 

■odificatioiu  of  tiie  Inflorescence. — In  cert&iti  cnees  we  have 
'be  oorautl  condition  of  the  inflorescence  greatly  disguised,  as  in 
hliactma  prdvneln,  and  in  cases  of  what  is  railed  fatciation,  as 
il*  »here  the  fiower-stalks  are  apparently  removed  from  their 
aioi]  place  by  adhesion  of  \aiiouB  kmda  and  degrees. 


ng.166. 


RglM. 


1^.  at.  FoLixii 


7%.  IM.  Folii 


XflBf^t"^ 


IB  p^dnaelH  of  Suk 
>w«iDg  bruurb  of 


Id  many  kinds  of  Citetut,  as 
intdj  noticed  (p.  38),  the  stem 
tTjmes  more  or  leas  the  outward 
t^  of  a  leaf;  and  when  a 
f[F«er  springs  from  such  a  stem, 
i'looblilce  an  abnormal  growth; 
Ui  it  is  realty  product  from 
:Se  tenninal  or  axillary  bud  of 
11  ilor^ive  branch.  In  the 
Eo-ffber  g-broom  {Rateut,  fig. 
i'^))  the  single  branches  or  pe- 
ilvidea  are  flat  leaf-like  plates, 
i>i  bear  the  flowers  in  the  axils 
o;  little  scales  or  reduced  leaves 
'^v:\i  arise  on  the  upper  surface, 
■*miiiglj  from  the  inidrib  of  a 
'■^i  but  Ihtse  foliacanu  pedun- 
"w  grow  from  the  arils  of  scale- 
asf  l*ayes(fig.  155  •).  la  Xylophylla  (fig,  156)  we  find  a  compounif 
[iuittauM  pedunclf,  consisting  of  a  Urge  leaf-like  branch  bearing 
Qiuneroas  flowers  on  ita  mar^ns,  arising  there  in  the  axils  of  bracts. 
Atnatkni  is  nsitallT  an  abnormal  condition,  consisting'  of  the  develop- 
mi  of  a  lai^  number  of  buds  in  close  approximation,  and  the  conse- 
l"flil  congemtal  fusion  of  a  number  ot  peduncles  (or  in  some  cases  leafy 
iKcou)  into  &8oUd  mass,  bearing  the  flowers  on  the  borders,  It  produces 
'Jt  trest-like  condition  of  the  flower-stalk  of  the  mrden  Cockscomb ;  and 
'mcerti  apuiicalal«  inflorescence  into  a  ribbon-like  axis. 

idkitiai,  or  want  of  separation  of  the  peduncle  from  the  leaf  or  bmct, 
^ui^M  in  appearance  as  if  the  flower  sprang  from  the  latter,  as  in  the 
^  of  the  Lime-tree.  A  similar  union  or,  rather,  lack  of  separatiou 
KiwMnthe  flower-stalk  and  the  branch,  the  former  being  in  such  cases 
iiftea  railed  above  its  normal  level  by  the  growth  of  the  latter,  produces 
°trnin2bry  inflorescence,  as  in  some  species  of  Soianum.  Where  the 
icHoKHeoee  is  placed  oppomU  to  a  Uaf,  as  in  the  case  of  the  Vine, 
it,  the  inflorescence  is  in  reality  terminal  (as  may  readily  be  seen 
I  the  joong  state) ;  bat  as  rrowth  goes  on  it  benas  downwards  into 
o^T  s  hotuontal  position,  wbde  the  axillaiy  bud  next  beneath  it  deve- 


86  XOBFHOLO0T,  OB  COICFABATIYB  AVATOICT. 

lops  into  a  shoot  which  assumes  a  vertical  direction,  thus  occopjing'  tlie 
position  of  the  inflorescence.  Such  branches  are  ciJled  hy  French  Mitanists 
usurping  branches.  In  a  few  cases  absolute  partUion  of  the  growing  point 
has  oeen  observed — one  division  forming  a  tendril  or  an  inflorescence,  the 
other  forming  a  new  vegetative  axis,  as  in  Vitis  vulpina  observed  by 
Warming. 

Dnratioii. — ^The  inflorescenoe,  like  the  leaf,  varies  in  its  duratioii. 
The  staminal  catkins  of  the  Amentaces,  such  as  the  Oak,  Hazel, 
Poplar,  &c.f  fall  off  as  soon  as  the  pollen  is  discharged  from  the 
stfljnens,  and  they  are  called  caducous.  In  many  cases  the  inflo- 
rescence, or  the  individual  peduncles,  separate  by  a  disarticulation 
when  the  fruit  is  ripe,  as  in  the  Apple,  Cherry,  Ac. ;  the  term  de- 
ciduous is  then  appUed.  In  the  Eose  we  observe  the  dried-up  fruit 
long  remaining,  Uke  the  cones  of  Firs,  &c.,  after  the  seeds  have 
become  matured ;  these  are  persistent.  Sometimes  the  peduncles 
undergo  expansion  during  the  ripening  of  the  seeds,  so  as  to  form 
part  of  the  fruit ;  such  an  inflorescence  or  peduncle  is  called  car- 
crescent.  The  Fig,  the  Pine-apple,  and  other  fruits  are  formed  of 
excrescent  inflorescences;  the  Cashew-nut  (Anacardium)  has  an 
excrescent  peduncle. 

Characters  affbrded  by  the  Inflorescence. — ^For  descriptive  pur- 
poses  the  inflorescence  must  be  treated  as  the  ramifications  of 
the  stem,  noting  also  the  number  of  the  flowers,  their  mode  of 
expansion,  and  other  peculiarities  as  explained  in  the  foregoing 
sections.  • 

Sect.  7.  Thx  Flowsb. 

The  Flower,  the  characteristic  reproductive  apparatus  of  the 
higher  plants,  consists  of  no  new  elements  superadded  to  the  fun- 
damental organs  of  the  vegetative  regions,  but  is  merely  an  assem- 
blage of  these  organs  modified  in  certain  essential  particulars  so  as 
to  fit  them  for  exercising  new  functions.  A  flower  is  a  modified 
shoot,  in  which  the  intemodes  of  the  stem  are  seldom  developed ; 
while  the  leaves,  arranged  according  to  the  general  phyllotactic 
laws,  are  more  or  less  dinerent  in  form  and  texture,  and  have  part  of 
their  tissues  developed  into  more  highly  specialized  products,  dis- 
tinguished both  in  anatomical  and  physiological  characters  from 
those  associated  with  vegetative  leaves. 

The  theory  of  the  construction  of  the  flower  rests  upon  proofs  derived 
from  various  sources,  such  as  teratology^  or  the  studv  of  exceptional 
growths.  The  strongest  confirmation  of  the  views  arising  out  of  the  ob- 
servation of  such  cases  is  obtained  by  comparative  morphology j  by  the  m- 
temal  structure^  and  by  the  investigatum  of  progressive  developmetU,  or  **  or^ 
ganogeny,^  which  latter  supplies  a  clue  to  the  original  ancestral  form. 
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^^iBi^f  m  the  fint  place,  remaark  upon  what  is  taught  by  the  study 

d  dertlopmesit,    Floweis  are  commou  in  which  the  organs  stand  in 

nralMr  diele&,  and  in  which  the  organs  of  each  circle  agree  in  colour, 

ftiie.  mod  so  on;  but  in  many  cases  we  find  deviation  from  this  regularity: 

tae  arrangement  of  the  organs  becomes  changed,  and  the  parts  of  parti- 

cakr  circiee  become  more  or  leas  different  among  themselres — as,  for  ex- 

aaple,  in  tbe  flowers  of  the  Pea-tribe,  of  Labiatie,  &c.    But  when  we 

enmane  the  bnds  of  these  flowers  in  a  very  young  state,  we  often,  but 

zax  always,  find  the  rudimentary  organs  regularly  arranged!,  and.  while  in 

tbie  stste  cf  cellular  panills,  agreeing  exactly  in  all  external  characters. 

The  sabseqoeni  irregularity  is  a  result  of  special  growth,  for  a  special 

pjipoee,  at  a  later  epoch.    In  didynamous  stamens,  for  example,  the 

Imager  pair  do  not  exceed  the  others  until  a  late  period  of  their  oevelop- 

SKrOt. 

Trmaitioiial  FomiB. — ^The  original  uniformity  and  homogeneity  of 
^  atgans  of  flowers  are  not  always  so  comnletely  lost  in  the  maturation 
Gf  the  atmctures,  that  the  different  seconoary  types  of  or^ns,  sepals, 
prtab,  &c.  become  entirely  distinct.  The  study  of  comparative  morpho- 
Wzy  reveals  many  cases  of  transition  from  one  kind  of  organ  to  another, 
iltetiating,  in  a  veiy  interesting  manner,  the  doctrines  of  morphology. 

In  CBlycmUhtuJIoridus  and  uie  Camellia  the  numerous  pieces  of  the 
tonl  envelopes  present  a  spiral  arrangement,  and  it  is  impossible  to  find 
ft  distinct  line  of  demarcation  between  the  bracts,  the  calyx,  and  the 
eijrolb.  In  species  of  Comas  and  Eupkcrbiay  the  coloured  bracts  of  the 
iiiTQliicre  aasume  quite  the  aspect  of  a  coloured  calyx  or  corolla.  In  the 
White  Water-lily  (Nytnphaa)^  a  transition  between  sepals  and  petals  is 
•en  in  the  segments  of  the  calyx,  which  are  green  outside  and  petaloid 
iBteToally,  while  we  have  perfectly  petaloid  sepals  in  many  flowers,  as  in 
Aeomtes,  Larkspurs.  &c.,  and  particularly  in  the  showy  bulbous  Mono- 
eolyledons  commonly  cultivated,  e,  g.  the  Lily  (LiUum),  Tulip,  Crocus, 
ice. 

la  the  Water-lily  {Nymph€M)  we  observe  a  gradual  transition  between 
petiJs  and  stamens,  the  ktter  appearing  first  as  petaloid  plates,  with  anther- 
•tnietare  on  the  edffes.  In  Cmna  it  is  the  ordinary  rule  for  the  stamen 
to  be  a  kind  of  netal  bearing  an  anther-lobe  on  one  upper  edge.  A  more 
or  k»s  ezpandea  petaloid  state  of  the  filament  is  not  unusual,  and  in  the 
Mistletoe  the  stamens  are  flat,  leafy  organs,  with  the  pollen  developed  in 
tliepazenchyma  of  the  inner  &ce. 

Tbe  stamens  and  pistils  being  so  diametrically  opposed  in  their  physio^ 
logical  dumscters,  we  naturally  do  not  expect  to  find  any  transition 
bf^tween  Uiese  organs  in  normal  flowers,  though  in  monstrous  develop- 
meots  such  transitionfl  are  freouent. 

Xeimtology. — "The  study  of  Teratology,  the  interpretation  of  exceptional 

rwths  by  reference  to  laws  of  development  more  or  less  interferea  with 
,  external  agency,  is  very  instructive  m  regard  to  Morphology.  In  the 
exceptional  products  of  nature  or,  still  more,  of  art,  we  find  illustrations  of 
almost  every  poesible  kind  of  the  general  proposition  above  mentioned. 

fl^Oo^J- — Cases  are  xiot  unnrequently  observed  where  the  entire 
flower  is  replaced  by  a  fascicle  of  green  leaves,  especially  in  the  Alpine 
Stzawheny.     In  yret  seasons  it  is  not  uncommon  to  find  flowers  of  the 
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White  Clover  with  more  or  fewer  of  the  organs  modified  in  this  "way,  thi 
pistily  one  or  more  of  the  stamens,  &c  appearing  in  the  f onzi  of  greei 
leaveSy  occasionally  compound  and  temate,  as  on  the  stem  below.^  In  th< 
Double  Cherry  of  gardens,  the  place  of  the  pistil  is  often  occupied  by  d 
pair  of  ffreen  leaves;  in  the  FraxineUa  a  circle  of  green  leaTOS  has  beec 
observed  in  the  place  of  the  ovary. 

Snbstitatioii  and  Metamorphoses.— Almost  all  nolypetalous  flowers, 

and  many  gamopetalous,  are  capable  of  being  '^  doubled     hj  cultivation, 
that  is  to  say,  the  number  of  petals  may  be  increased  at  the  expense  of  the 
stamens,  or  of  these  and  the  pistils.    For  example,  the  Wila  Rose  has 
but  five  petals,  and  many  stamens  and  pistils,  but  in  our  garden  Roses 
the  numerous  stamens  and  pistils  are  often  altogether  replaced  bj  petals. 
In  many  cases  intermediately  formed  structures  exist  in  such   double 
flinotrs :  in  the  double  early  Tulip,  for  example,  we  almost  al'waya  find 
monstrous  organs,  half-petal  and  half-stamen,  and  even  half-stamen  and 
half-carpel ;  the  same  may  be  observed  in  double  Pinks  and  Carnations. 
The  oviues  have  been  seen  bearing  pollen,  while  it  is  frequent  to  find  the 
stamens  bearing  ovules.    Illustrations  obtained  in  this  way  might  be 
multiplied  ad  infinitum.    It  should  be  observed,  however,  that  in  double 
fiowers  we  frequently  find  not  only  all  the  essential  organs  replaced  bj 
petals,  but  an  actual  muitiplicatian  of  the  natural  number  of  organs,  as  in 
Koses,  Camellias,  double  Daffodils,  &c. 

Prolificatioil. — In  the  last  place,  we  may  advert  to  the  phenomena  of 
the  abnormal  evolution  of  buds  within  the  limits  of  flowers.  Cultivated 
Koses  sometimes  send  out  a  leafy  shoot  from  the  centre  (prolification), 
the  terminal  bud  not  becoming  arrested  as  is  natural;  on  Apples  and 
Pears  we  occasionally  see  one  or  two  leaves  growing  out  m>m  the 
summit,  firom  the  same  cause.  In  addition  to  this,  the  organs  of  the 
flower  may  assert  their  foliar  nature  by  producing  flower-buds  in  their 
axils^  like  stem-leaves.  This  has  been  observed  in  the  case  of  the  petals 
of  Celastrtis  scandena,  and  also  of  Clarkia  eleffons,  and  occurs  sometimes 
in  garden  Roses*. 

These  general  observations  wiU  serve  to  show  the  essential  homology  of 
all  the  lateral  organs  of  flowering  plants  with  ordinary  leaves,  and  more 
especially  with  the  vaginaJ  or  leaf-scale  portion  of  the  leaves.  The  laws 
imder  which  varieties  of  form  &c  are  produced  within  the  limits  of  the 
flower  all  substantiate  the  same  genenu  principles. 

Parts  of  the  Flower. — The  parts  of  flowers  are : — ^the  perianth^ 
consisting  of  (1)  the  sepals ,  forming  the  calyx,  (2)  thepetoZs,  forming 
the  corolla,  and  enclosing  (3)  the  stamens,  forming  the  andrcecium, 
and  (4)  the  carpels,  iormrngthe pistil  or gymedum.  That  portion  of  the 
peduncle  from  which  all  these  organs  spring  is  called  the  receptticU  or 
thalamus',  it  seldom  has  the  intemodes  much  developed,  but  is  more 
or  less  expanded  horizontally.  It  is  sometimes  convex  or  conical  and 
elongated,  and  sometimes  concave.    When  it  forms  a  flattened 

*  A  general  review  of  these  abnormal  or  unusual  formatiODB,  and  of  the 
inferencres  that  may  be  deriTod  from  thera,  is  given  in  Dr.  Masters*  *  Vegetable 
Teratology,'  publi^ed  by  the  Bay  Society. 
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sor&oe  tbcfve^  its  centre  corresponds,  o£  course,  to  the  apex ;  and 
Te  zoaj  tfaas  saj  that  the  above-named  organs  succeed  each  other 
5t)m  withoat  inwards,  or  from  below  upwards. 

The  acoompanying  diagram  of  the  floral 
vtcrid  (fig.  157)  illustrates  the  theoretical  con- 
'truetioii  of  a  perfect  and  symmetrical  flower. 
UiK  the  iDtemodes  are  imagined  to  be  deve- 
kped  between  the  separate  circles  of  the  flower 
~Ki  intngement  which  does  occasionally  occur 
b  Dttnie,  as  in  Capparids^  Passion-flowers,  &c. 

Anterior  and  Posterior  portions  of  the 

flower. — ^Ail  axillary  flowers  arise  in  the 
ftDgie  between  a  bract  or  leaf  and  the  stem ; 
^  this  is  taken  the  rule  as  to  the  relative 
position  of  organs  in  describing  flowers. 
ilie  side  of  the  flower  next  the  stem  is 
tke  upper  or  posterior  part,  that  next  the 
bnct  the  anterior  or  lower ;  and  in  the  dia- 
;nzQ8  or  ground-plans  used  to  represent 
ibe  coDstraction  of  flowers,  it  is  impor- 
tant to  mark  the  places  of  the  axis  and  the 
[«ct,  the  former  being  represented  behind  ^^  Sf«„toi1lSlr«,1^ 
ay  a  Oi  the  latter  in  front  by  an  a?  or  ^->— ',  p»Mted  by  mturnodea. 
» in  fig.  160. 

Where  flowers  are  solitary  and  terminal  there  is  no  proper  hack  and  front ; 
kt  m  plana  of  these,  the  position  of  the  last  leaf  or  bract,  and  snecially  of 
tie  biscteoles,  should  be  shown.  If,  with  a  flower  of  four  sepsis,  there  is 
ipurof  bracteoles,  the  two  lowermost  sepals  are  antero-posterior  (fig.  167^ 
^^j;  hot  if  there  are  two  pairs  of  bractlets,  the  two  uppermost  sepals 
ve  antero-posterior.  When  bracts  are  suppressed,  as  in  the  Crucj/ertef 
tbe  position  of  the  floral  organs  may  be  determined  by  their  relation  to 
tile  parent  stem. 

Amngement  of  Parts. — The  parts  of  flowers  being  phyllomes, 
tLetr  arrangement  corresponds  to  that  of  stem-leaves.  Sometimes 
ti»y  are  truly  whorled,  while  at  other  times,  especially  in  the 
taljx  and  corolla,  they  are  arranged  in  spiral  cycles,  and  are 
^thped  mceessively  on  the  ^  or  |^  plan,  but  reduced  into  apparent 
»boria  by  the  absence  of  intemodes.  Such  flowers  are  called 
ot^lit;  and  where  some  of  the  parts  of  the  flower  are  arranged 
spinlly  and  others  in  a  verticillate  manner,  the  term  hemicyclic  is 
giTen. 

In  nich  a  calyx  as  that  of  the  Rose,  the  sepals  are  imbricated  on 
™e  I  plan  (figs.  16&-160),  In  the  ternary  floral  envelopes  of  many 
Monocotyledons  we  find  illustrations  of  the  ^  type.    Sometimes  the  spiral 
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fimuigeiiient  is  still  more  evident,  Mpecikllj'  whsre  there  exist  great  niui> 
bera  of  a  pajliciilar  kind  of  organ,  m  in  the  mixed  petalo  aod  atwnens  o: 
Nymphaa,  and  the  multipie  pistila  ot RammeuUii,  Magnolia,  &c  Jn  Cal^ 
eanlku*  all  the  or^r&na  follow  on  in  k  coatinuous  spinu. 

In  other  coses  the  floral  orgKoB  «re  deodopea  tmniUmMMuhf,  when  a 
true  whorl  b  produced. 


of  tha  Mi*li  fr 
At  in  UiB  pHOfldinf  flKi"*- 

Nnmbm  of  Parti. — Accordingto  the  number  of  parta  in  a  cycle 
or  apparent  whorl,  these  are  distinguished  as  dimerom  at  binary. 


.  of  ths  pwU  atliin  Somi 
fonottheTqUp. 
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troMTtms  or  ternary  (fig.  161),  Utramer<m8  or  quaternary,  and  pen- 
vsmennLs  or  quinary  (fig.  162).  The  ternary  arrangement  is  by  far 
lie  moet  common  in  the  Monocotyledons,  the  quinary  in  the  Dico- 
rr^doiu. 

Moat  £requently  the  calyx  and  corolla  have  Fig.  162. 

ui  equal  number  of  parts ;  the  relatiTe  num- 
her  of  orgmne  is  prone  to  increase  in  the  stami- 
L^  circled,  and  still  more  frequently  to  dimin- 
ish in  the  carpellary  whorl. 

Alternation  or  SnperpositioiL. — In  the 
laaioiitT  of  cases  we  find  the  organs  of 
each  saccessive  whorl  developed  alternately 
vith,  and  not  super-  or  anteposed  to,  those 
of  the  preceding  circle. 

From  this  the  whorls  would  appear  to  re-    ^.  .   ,     ^ .. 

^Tmhle  the  decussating  whorls  of  true  leaves,   ^"^^S^STiGiJ^i^^i^L^ 
riihor  than  regularly  succeeding  spiral  cycles. 

We  have  seen  that^these  decussating  whorls  are  closely  related  to  the 

OTal  cycles  (p.  48).     Moreover  we  find  in  the  very  numerous  cases  of 

ffyrera  with  tne  organs  imbricated  in  the  bud,  that  the  spiral  arranffement 

\s  Teiy  evident,  ana  the  whorled  appearance  presents  itself  only  after  the 

€ipaiBion  of  the  flower.     Now,  if  the  i  or  J  cycles  succeeded  regularly, 

tlie  oigans  of  successive  cycles  should  be  superposed  and  not  alternate,  as 

indeed  they  sometimes  are,  e.  g.  Sabia.    A.  de  Jussieu  has  supposed  that 

tL«  organs  are  arran^red  on  the  spiral  -^  type  in  all  trimerous  and  penta- 

m^TOQs  flowers  with  imbricated  aestivation.     Inspection  of  the  diagrams 

ia  a  former  page  (46)  will  show  with  how  little  displacement  the  organs 

of  such  flowers  may  De  arranged  on  this  type ;  and  there  is  much  proba- 

HHty  that  the  alternation  of  spirally  arranged  cycles  results  from  some 

sKh'  cause,  while  the  alternation  of  organs  in  flowers  with  valvate  lesti- 

Tition  is  referable  to  the  same  laws  as  the  decussation  of  whorls  of  leaves. 

The  exceptional  case  of  opposition  of  organs  will  be  explained  presently. 

Typical  Flower. — The  typical  flower  in  the  diagrams  (figs.  157, 
162)  ccHisists  of  four  circles  of  organs  equal  in  size  and  number  of 
parts,  and  with  the  parts  regularly  alternating.  A  flower  thus  pre- 
lenting  all  the  whorls  is  called  complete  or  eucyclic ;  the  organs 
in  each  circle  being  similar,  it  is  regular ;  and  the  number  of  organs 
in  each  circle  being  the  same,  it  is  moreover  isomerous. 

ModiAcBtioBB. — Almost  every  kind  of  deviation  and  combination 
of  deviations  from  this  type  are  met  with;  but  the  modifications 
in  the  number,  arrangement,  and  form  of  whorls  or  parts  are  refer- 
iUe  to  distinct  causes,  such  as: — 1.  Alteration  of  the  number  of 
circles  or  of  the  number  of  organs  in  the  circles ;  this  may  arise 
vi  A.JJJJ,  f^uUiplicationj  cJiorisis,  enation,  or  interposition,  or  from 
nreuion  or  cU^ortion  of  parts.    2.  Union  of  the  organs ;  this 
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may  be  merely  coalescence  of  the  margins  of  organs  of  the  Baiii# 
whorls  {cohesion),  or  confluence  of  normally  distinct  whorls  {ad^ 
Jiesion).  These  so-called  unions  are  generally  the  consequenov 
of  arrest  of  development,  owing  to  which,  parts  usually  separ&tel 
in  the  adult  condition  remain  inseparate,  3,  Unequal  growth  or| 
degree  of  adhesion  in  the  organs  of  particular  whorls,  produrinr 
irregularity.  4.  Irregular  growth  either  of  the  receptacle,  or  pro-! 
duction  of  outgrowths  from  various  organs  by  enoHon.  5.  ^ub-' 
stitution  of  one  organ  by  another  (metamorphosis),  6.  Superposr'\ 
tion,  where  parts  usually  alternate  are  placed  opposite^  or,  mors 
correctly,  ore  superposed  the  one  to  the  other. 

Dr.  A.  Gray  has  fumiBhed  an  interesting  illustration  of  these  laws  of 
modification,  from  a  family  (Crassulacen)  in  which  different  kinds  of  i 
deviation  occur  together  with  examples  of  very  symmetrical  flowers.  In 
Crassula  (fig.  162)  is  found  a  symmetrical  pentamerous  flower,  with  fire 
sepals,  five  petals,  five  stamens,  and  five  pistils,  all  regularly  alternating, 
and  only  slightly  confluent  at  the  base.  In  TUUea  some  species  have  four, 
some  only  three  organs  in  each  whorl,  but  the  flowers  are  still  regular  luid 
synmietncal.  In  Sedum  (Stonecrops,  &c.)  the  flowers  of  some  species 
are  pentamerous,  those  of  others  tetramerous ;  but  here  the  number  of  sta- 
mens is  doubled  by  the  introduction  of  an  entirely  new  circle  of  these  oqraiis 
(multiplication),  JRochea  has  the  mamns  of  its  petals  slightly  coherent, 
while  in  Grammanthes  the  petals  and  sepals  are  respectively  coherent 
more  than  halfway  up.  Cotyledon  has  coherent  envelopes,  and  a  double 
series  (mtdtiplicatton)  of  stamens  as  in  Sedu?n,  to  which  is  added  an  ad- 
herence of  the  stamens  to  the  tube  of  the  corolla.  In  Penthonan  the  five 
styles  are  coherent  firmly  together  below,  while  in  some  cases  its  petals 
are  suppressed  In  Senwervivum  THouseleek)  the  number  of  sepals,  petals 
and  pistils  varies  in  different  species  from  six  to  twenty,  and  tne  stamens 
from  twelve  to  forty. 

Pleiotazy,  or  multiplication  of  the  number  of  whorls,  is  very 
common,  especially  as  regards  the  stamens.  In  the  trimerous 
flowers  of  Liliacese  and  Amaryllidacese  there  are  six  stamens  stand- 
ing in  two  circles  of  three.  In  the  Poppy  family  the  tetramerous 
circles  are  still  more  multiplied ;  and  in  the  Hose,  Buttercup,  4&i\ 
we  have  further  examples.  When  the  number  exceeds  three  or  four 
circles  of  one  kind  of  organ,  the  organs  are  said  to  be  indefinite  in 
number,  and  the  verticillate  arrangement  becomes  very  indistinct 
in  the  opened  flower.  In  the  White  Water-lily  (Nymphcsa)  we 
have  multiplication  both  of  petaline  and  staminal  circles  ;  and  in 
Magnolia,  BanuncultM,  &c.  the  pistils  are  much  multiplied,  exhibit- 
ing in  these  a  distinctly  spiral  arrangement. 

Multiplication  of  circles  occurs  abnormally  in  the  double  Jlotcen  of 
gardens,  in  which  we  often  find  far  more  organs  than  exist  in  tne  normal 
state,  as  in  Dafifodils  and  other  flowers  where  the  organs  are  naturally  few 
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h  coffllnr.  Tlie  maltiplicatioxi  in  this  case  is  often  due  to  transverse  ehorisiSf 
tir  puts  being  saperposed  to  each  other.  Each  part  so  affected  divides 
J  s  direction  pandlel  to  its  surfaces  into  two  or  more  parts.  If  the 
«cpeniumenry  part  is  an  outgrowth  from  an  already  formed  organ  it  is 
uu  to  be  foimed  by  enaiian, 

FIfliameryy  or  multiplication  of  the  organs  in  particolar  whorls, 
••-CUR  in  a  number  of  flowers,  and  depends  on  different  causes, 
voetimes  the  multiplication  is  effected  oy  collateral  chorisis,  or  divi- 
ix^  at  light  angles  to  the  surfaces,  a  pair  of  stamens,  for  example, 
j^isdiDg  in  place  of  one  ;  in  other  cases  the  organ  is  divided  parallel 
TrMhd  surfaces  into  an  inner  and  outer  part  or  into  a  fasciculus  of 
i-fpns.  The  cases  of  eoUaitral  ehorisis  are  exphuned  by  the  circum- 
•UDoetbat  the  staminal  leaf,  in  these  cases,  as  in  an  ordinary  lobed 
c  compound  stem-leaf,  becomes  subdivided  and  forms  a  hbed  or 
riAyunnd  stamen.  In  some  flowers  (as  in  many  Ericacete)  there  are 
vn  stamens  in  one  whorl,  while  the  sepals,  petals,  and  carpels  are 
{vntuneiDUs ;  in  these  cases  the  five  additional  stamens  are  formed 
(dheqoently  \o  the  others.  This  mode  of  multiplication  of  parts 
1)  oiled  interposition, 

Snppreinon,  Abortion. — In  describing  the  phenomena  of  dimi- 
*&tionof  the  number  of  circles  or  organs  of  flowers,  it  is  convenient 
tc  dbtinguish  between  suppression  or  total  absence,  and  abortion  or 
putiai  absence,  when  the  organs  are  represented  by  imperfect  or 
rdimentary  structures. 

A  complete  flower  possesses  a  calyx  and  a  corolla ;  the  corolla, 
S£d  even  the  caljx  also,  are  wanting  in  some  flowers,  which  are 
Srfmed  incomplete ;  when  the  corolla  alone  is  wanting,  the  flower 
id  ajvtoZouf ;  the  term  naked  is  occasionally  applied  to  flowers 
vitliout  any  floral  envelopes. 

Hie  term  die)damydeouSj  having  calyx  and  corolla,  monoeJdamydeouSf 
ksring  oilyx  alone,  and  achlatnyaeouSf  destitute  of  floral  envelopes,  are 
Lied  Kjsome  syBtematic  botanists  in  place  of  the  above.  These  conditions 
ii»  oot  Tery  secure  bases  for  systematic  divisions,  since  it  is  not  uncommon 
^  find  apetalous  plants  in  Orders  having  ordinarily  complete  flowers,  as 
b the GaiyophyllacesB  (Sagituif  &e,):  tlie' apetalous  condition,  however, 
i^  constant  m  a  large  number  of  Orders,  and  familiar  examples  occur 
in  the  Nettle  &roily,  the  Chenopodiaoeffi,  the  Amaranths,  &c.  Achlamy- 
ierjQs  flowers  occur  in  the  Willows,  OaUitriehe,  &c.  Some  flowers,  then, 
Oi  incomplete  by  abortion,  in  which  case  they  are  degenerate  conditions  of 
I  more  perfect  type,  or  they  are  incomplete  by  suppression,  when  they 
^  typically  of  a  relative  low  degree  of  organization. 

When  essential  organs  (stamens  and  pistils)  of  both  kinds  are 
present,  the  flower  is  called  hermflphrodite  or  bisexual  (this  condi- 

^  ia  mdicated  by  the  sign  ^).    It  must  be  remembered,  how- 


94  ICOBFHOLOOY,  OB  COMPARATIVE  AKATOXT. 

ever,  that  the  term  hermaphrodite  is  used  in  its  morphological,  not 
in  its  physiological  significance,  for  many  flowers  hermaphrodite 
in  structure  are  practically  unisexual  in  function.  In  many  plants 
one  of  the  circles  of  essential  organs  is  suppressed,  so  that  a  given 
flower  has  only  stamens  or  only  pistils ;  such  flowers  are  termed 
unisexual  or  diclinous.  The  unisexual  flowers  are  called  respec- 
tively staminiferous  or  mdU  ( cJ  ),  and  pistilliferous  or  femaU  (  J ). 
When  flowers  of  both  kinds  occur  on  the  same  plant,  this  is  called 
monoeeums  (Oak,  Birch,  Vegetable  Marrow,  &c) ;  when  they  are 
on  distinct  individuals,  the  plant  is  termed  dicecious  (Hop,  Willow, 
Bryony,  &c.);  when,  as  in  some  cases,  the  imperfection  results 
from  a  kind  of  regular  abortion  rather  than  total  suppression,  and 
the  same  plant  or  species  exhibits  at  once  staminate,  pistillate,  and 
hermaphrodite  flowers,  it  is  termed  polygamous  (ParieUiria^  roanj 
Palms,  Maples,  &c.).  Some  plants  bear  neuter  flowers,  desti- 
tute of  both  stamens  and  pistils :  such  is  the  case  naturally  with 
the  outer  florets  of  many  Composites,  and  it  is  constantly  seen  in 
the  garden  Snowball  (  Viburnum  Opuhts)  and  Hydrangea, 

The  diclinous  or  unisexual  condition  is  often  typical  and  hereditaiy  in 
certain  fiemailies,  such  as  AmentifersB,  &c. ;  hut  cases  of  diclimsm  occur 
not  unfrequently  in  exceptional  genera  of  &milies  the  majority  of  whose 
genera  are  bisexual,  as  in  Ituscus  amon^  the  LiliacesB ;  or  in  exceptional 
species  (by  abortion),  as  in  Lychnis  dioica ;  sometimes  it  occurs  by  abor* 
tion  in  species  normally  possessed  of  perfect  flowers,  as  in  Asparagus, 

Arrangement  of  Parts. — ^The  suppression  of  an  entire  circle 
renders  a  flower  unsymmetrical ;  for  when  the  corolla  is  absent, 
we  find  the  stamens  commonly  superposed  to  the  segments  of 
the  preceding  circle,  as  in  Chenopodium;  but  this  is  in  accord- 
ance with  the  normal  type,  as  the  stamens  should  be  superposed 
to  the  sepals,  the  intermediate  petals  (here  suppressed)  altei^ 
nating  with  both.  Not  unfrequently  we  find  abortive  organs, 
such  as  sterile  filaments  or  *'  glands,'  of  various  kinds  forming 
circles  which  restore  the  symmetry  of  apparently  unsymmetrical 
flowers. 

The  cases  of  unsymmetrical  conditions  arising  from  the  supeipoution  of 
the  organs  of  succeeding  whorls  are  explained  by  some  entirely  by  sHpprei- 
sion  or  abortion ;  others  more  correctly  refer  some  of  these  cases  to  chorisis. 
In  Geranium  we  find  alternating  with  the  petals  five  little  glands  which 
must  be  regarded  as  abortive  stamens,  since  in  the  succeeding  whorl  the 
five  stamens  alternate  with  these  and  stand  in  iront  of  the  petals ;  the 
five  innermost  and  longer  stamens,  again,  are  superposed  to  the  glands. 
In  Erodium  the  outermost  row  is  represented  by  glands,  the  second  row 
by  sterile  filaments,  and  only  five  perfect  stamens  exist.  Much  the  same 
conditions  occur  in  the  LinaceiB.    On  the  ground  of  such  facts  as  these, 
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^  fiaperpoflitbn  of  the  vtamens  to  the  petals  in  Rhamnaceady  the  Viney 
If,  h«s  beoi  explained  by  supposing  a  circle  of  stamens  to  have  been 
mjproased  between  the  petals  and  the  existing  stamens.  Several  recent 
vnten  attribute  the  stamens  of  Rhamnacefe  to  chorisis  of  the  petals 
'Tsh  soppraeaion  of  the  true  stamens,  extending  the  same  explanation  to 
Bittaenaoesp  and  the  Vine,  where  the  true  stamens  are  represented  by 
aoik  rudiments  or  glands  tcithin  the  existing  stamens.  In  tne  Primrose, 
•eeordiBg  to  Ffe^r,  the  petals  originate  from  the  backs  of  the  stamens, 
tLx^  in  other  cases  it  would  seem  that  the  stamen  arises  from  the  petal. 
liPnnralaoecB  the  opposition  of  the  stamens  to  the  petals  may,  however, 
hi  t  nsnlt  of  suppression ;  for  in  Samolus  we  find  five  lobes  on  the  throat 
of  the  ctHolla  Aiteraating  with  the  petals,  while  ZynmacMa  dUata  has 
Sre  sterile  filaments  in  addition  to  five  perfect  stamens. 

ImMrj,  Anisofmerj. — Sappiession  or  abortion  of  part  of  the 
org;iiis  of  one  or  more  circles  is,  as  has  been  said,  a  very  common 
oose  of  want  of  symmetry.  This  occurs  by  far  most  frequently 
io  the  earpellaiy  circles,  as  might  he  expected  from  the  organs 
\^B%  crowded  on  the  point  of  the  receptacle  (multiplication  of 
<vpda  occurring,  on  the  other  hand,  where  the  receptacle  is  un- 
mnOy  developed)  ;  the  stamens  exhibit  it  not  unf requently ;  and 
i:  is  observed  also  in  the  petaline  whorl,  and  even  in  the  calyx. 

Srnimetrical  flowers  may  be  either  dimerous,  trimerous,  tetramerous, 
•3r peatsmerous  throughout;  and  when  the  organs  are  equal  in  all  the 
ardes  tiie  flowers  are  MomeroiM,  if  not  so  they  are  amsomerous'.  thus 
V9  have  isomeioiis  dimerous  flowers  in  Cireaa  (fig.  163)  and  Syringa 
^.  164),  isomeroiis  x^ntamerous  flowers  in  OrasnUa  (fig.  162),  before 

Fig.  163.  Fig.  164.  ilg.  166. 


SB 
yif.  ISSL  Onmad-v^MA  of  the  3-meroas  flower  of  dreaa :  x  repreienU  the  bnot 
fi^  164.  Gromd-plan  of  the  Lilac»  with  2-ineron8  oirdles:  x,  the  braot;  a,  a,braoteolei. 
>%.  1S>.  Qroand-plMB  of  a  labiate  flower,  with  didynaiaoiu  Btameas;  the  poeterior  on* 
(dotted) 


referred  to ;  but,  generally  speaking,  one  or  other  of  the  whorls  exhibits 
putial  suppression. 

It  is  rare  to  find  the  sepals  partially  suppressed :  perhaps  we  may  con- 
ttder  this  to  be  the  case  as  regards  the  limb  of  the  sepals  in  such  instances 
to  the  ^ppos  of  Bidens.  The  corolla  exhibits  partial  suppression  in  some 
W^i^osse,  where,  although  the  plan  of  the  flowers  of  the  order  is 
peotameiouB, in  Amorpka  only  one  petal  exists;  a  transition  towards 
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this  occurs  in  other  genera  of  the  order,  where,  indeed,  the  four  petab 
here  suppressed  are  generally  considerahlj  smaller.  In  the  Larkspors 
(Delphinium)  one  petal  is  constantly  suppressed,  while  the  others  are  of 
irregular  form ;  and  in  Aconite  three  out  of  the  five  petals  are  inconstant 
in  their  occurrence,  heing,  even  when  present,  mere  petaloid  scales. 

The  stamens  are  mostly  isomerous,  with  either  one,  two,  or  more  whorls, 
when  the  floral  envelopes  are  regular,  although  there  are  well-known 
exceptions  to  this.  The  suppression  or  partial  abortion  of  some  of  the 
stamens  is  most  common  where  the  flowers  are  irregular.  This  sup- 
pression is  well  seen  in  the  irregular  monopetalous  Orders,  where  we  find 
curiously  graduated  illustrations  of  the  phenomenon.  Thus,  in  the  Scro- 
phulariacesB,  belonging  to  the  pentamerous  type,  there  are  usually  but  four 
stamens,  but  Verbascum  has  the  fifth  (not  always  fertile)  ;  PenUUmon  has 
four  perfect  stamens  and  a  sterile  filament ;  and  in  Scrophularia  the  fifth  is 
represented  by  a  scale  in  the  upperside  of  the  corolla.  In  Veronica  three 
are  suppressed,  and  only  two  remain.  In  the  Labiates  (fig.  166),  again, 
one  stamen  is  ordinarily  suppressed ;  not  unfrequently  two  of  these  appear 
as  sterile  filaments ;  and  in  Salma,  ManardOf  and  other  genera  only  two 
stamens  exist. 

Either  multipUcatum  or  suppression  is  almost  the  rule  in  the  carpeOair 
circle,  the  isomerous  condition  being  rather  the  exception.  Six  carpels, 
or  a  double  circle,  occur  in  the  3-merous  flowers  of  Triglochin  (fig.  1B6^ : 
and  we  have  mentioned  the  occurrence  of  five  carpels  in  the  pentamerous 
flowers  of  Crassula  and  Sedum ;  in  the  nearly  allied  Saxifragaceie  the 
carpels  are  usually  reduced  to  two.  In  AraliacesB,  Aralia  has  five  cat- 
pels;  dilferent  species  of  Ptmax  three  and  twO;  while  in  the  allied  order 

Fig.  166.  Fig.  167. 


Fiff.  166.  3«meroiis  flower  of  Triglodtm  fnariHrnum^  with  six  carptob:  x  reprefeiitt  the  htMi- 
Fig.  167.  Oround-plftD  of  J?pm«<iiMm,  with  2>merouB  oirolea  and  a  Mditaiy  oarpd ;  a,  a  are  the 
braoteoles  of  the  pedicel. 

UmbellifersB  the  number  2  is  universal  in  the  carpellary  circle,  although 
all  the  other  circles  remidn  pentamerous.  In  RosaceiB  we  have  almost 
every  conceivable  condition ;  for  while  multiplication  takes  place  to  a 
great  extent  in  JSoaa,  Fragaria,  and  allied  genera,  the  normal  nve  carpels 
occur  in  Spiraa  and  the  Pomaceous  suborder;  in  Affrimonia  the  number 
is  reduced  to  two ;  Sanguisorha  has  two  or  one ;  while  in  the  Drupaceous 
suborder,  in  Prunus  &c.,  only  one  carpel  regularly  exists,  a  condition 
which  is  the  rule  throughout  the  related  extensive  pentamerous  order 
LeguminossB.  In  Ranunculaceae  the  number  of  carpels  varies  much.  In 
Berberideea  the  outer  circles  are  2>merous  and  tne  carpel  \b  solitary 
(fig.  167).    Suppression  of  a  portion  of  the  carpels  is  almost  constaotljr 
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ftnad  in  the  monopetalons  Orders,  where  we  seldom  have  more  than 

Sapprewion  of  organs  becomes  exceedingly  striking  when  associated 
vith  suppression  of  entire  whorls.  Thus  m  C(Ulitriche  the  floral  enve- 
.yvs  are  wanting,  and  while  the  pistil  indicates  the  tetramerous  type, 
dR«  stamens  toe  sappressed,  so  that  the  perfect  flowers  consist  of  one 
raaen  and  one  pistil,  and  the  imperfect  flowers  oflten  met  with  are  com- 
f'-^  respectively  of  a  stamen  and  a  pistil.  The  latter  coDdition  occurs 
C^>  in  the  greatly  reduced  flowers  of  our  native  species  of  Euphorbia,  in 
thek  the  involucre  encloses  one  naked  female  flower,  consistmg  simply 
•  i  t  pistU,  and  a  number  of  naked  male  flowers  reduced  to  the  condition 
'fasm^le  stamen  (see  Euphorbiacese). 

A  cunoos  kind  of  regular  suppression,  not  interfering  with  symmetry, 
H  .«>jm«'timeB  met  with,  where  the  typical  pentamerous  condition  is  re- 
fjcedby  the  tetramerous,  either  in  flowers  of  the  same  plant  or  on  different 
udiridiudi  of  the  same  species.  Thus,  in  JRuta,  in  some  species  of  Sedum^ 
lid  yime  AltinetB,  the  flowers  have  the  organs  sometimes  in  circles  of 
2Te»  and  sometimes  in  circles  of  fours,  without  any  other  accompanying 
i:visdoQS  from  the  character  of  the  species. 

Oongeiiital  TJnioiL  or  Inseparatioii. — ^TJnion  of  the  organs  of  the 
ijTer  consists  either  in  cohesion  of  the  parts  of  a  whorl  with  their 
iclbwB,  or  in  adhesion  of  organs  of  one  whorl  to  those  of  another. 
Borb  occur  in  almost  every  possible  degree.  It  must  be  borne  in 
Mind,  however,  that  these  terms  are  often  applied  to  cases  wherein 
tiwe  has  really  been  no  union  of  previously  disunited  organs,  but 
a  TBDt  of  separation  between  parts  originally  uniform,  but  which 
•a  other  cases  become  in  process  of  growth  disjoined. 

CohaioH  occurs  in  the  calyx,  producing  what  is  called  a  gamosepalotu 
^  'yiuepi2MM  calyx ;  also  in  tiie  corolla  rather  less  frequently,  forming 
^pmopetaltmt  or* sympetaknu  corolla.  With  these  terms  are  contrasted 
f-^p'iepahus  and  pohfpetahus  (or  dialy-aep-petalous),  used  to  indicate  that 
^.  aeptls  and  petals  are  distinct,  i.e,  not  coherent. 

Id  the  Vine  the  petals  cohere  above,  while  they  are  distinct  below, 
od  tli«  flower  opens  by  the  separation  of  the  corolla  from  the  receptacle ; 
tbe  Kfala  of  EtchaehoUxia  are  entirely  coherent,  and  fall  ofl^  like  a  cap. 

Uoioo  is  less  common  among  the  stamens ;  but  in  some  Orders  they 
ps  coherent  by  their  filaments  into  one  piece  (tnonadelphous),  in  others 
into  two  or  more  parcels  (diaddphous).  Such  cases  are  usually  due  to  a 
^nnehing  or  lobing  of  the  primary  staminal  leaves,  and  not  to  any  real 
vfiioQ  of  previonslv  disconnected  P&rts.  Other  phmts  have  the  anthers 
""^aeoii  (tifngenenoua),  while  the  maments  are  free ;  and  in  some  diclinous 
^v^en  the  stamens  are  united  into  a  kind  of  column. 

The  cvpels  exhibit  ever^  degree  of  confluence,  from  a  slight  coherence 
>t  the  haee  to  a  firm  union  by  their  sides,  complete  confluence  of  the 
^^vj  with  the  styles  free,  confluence  of  ovaries  and  styles  in  part  or 
^tiKlj  with  free  stigaias,  and  complete  confluence  of  ovnries,  styles,  and 
*^i^inAfl.  In  AsclepiJtdacen  we  have  confluence  of  the  styles,  while  the 
onnsB  poitions  of\he  carpels  are  only  slightly  coherent. 

H 
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The  details  refi^arding  coherence  w31  be  treated  of  more  conTeiiiently 
in  the  chapters  on  the  separate  organs. 

Adhesion  may  exist  between  the  inner  and  outer  drcles  of  the 
floral  envelopes,  between  petals  and  stamens,  and  between  stamens 
and  pistils,  also  between  calyx,  corolla  and  stamens  with  pistil 
free ;  or  the  calyx,  corolla,  and  stamens  may  all  adhere  to  the  pistil. 
No  case  is  known  of  adhesion  of  the  three  inner  circles  with  a  free 
calvx. 

What  is  commonly  termed  adhesion  is,  as  before  explained,  more  strictlj 
want  of  separation  between  narts  which  ordinaiily  become  detached  one 
from  the  other  during  growth. 

Insertion. — ^The  point  of  emergence  of  an  organ  is  inappropri- 
ately called  its  insertion ;  and  when  an  organ  is  not  adherent  to 
any  other  circle,  but  emerges  directly  from  the  receptacle,  it  is  said 
to  he  free. 

When  the  outer  or^ns  sprinar  from  the  receptacle,  they  are  called 
hypogynous  (^fc.  168),  signifying  below  the  pistil ;  if  the  stamens  appear 
to  adhere  to  the  free  tube  of  th€  calyx  or  corolla,  they  are  said  to  be 


Fig.  ie9. 


Fig.  168. 


Fig.  168.  Hjpogjnona  flower  of  jRommctilitt,  in  sectioa. 
Fig.  109.  Perigynouyi  flower  of  iVwntw,  in  lectioB. 

perigynous  (fig.  169) ;  while  if  the  tube  of  the  calyx  or  receptacle  ib 
carried  up  and  adherent  to  the  sides  of  the  pistil,  the  stanienn  become 
apparently  inserted  on  the  top  of  the  ovary,  ana  are  then  called  epigyw^ 
(tig.  170). 

Some  other  terms  are  used  in  reference  to  the  insertion  of  the  pet^ 
and  stamens :  thus,  thalamifl&raly  or  emerging  from  the  receptacle*  u 
synonymous  wi^  hypogynous  (fig.  168);  calyc^hral,  indicatingr  emer- 
gence from  the  throat  ot  the  calyx,  may  a^ee  with  either  the  perigysoas 
(fig.  169)  or  epigynous  (fig.  1/0)  conditions;  while  coroiUfiordj&ost^ 
gence  from  the  tuoe  of  the  corolla,  is  a  form  of  the  perigynous  insertioQ. 

The  terms  inferior  and  supe^-ior  are  occasionally  applied  to  the  calTXi 
according  as  it  is/ree  (fi^.  168)  or  adherent  (fig.  170)  to  the  pistil  all  the 
way  up;  occasionally  it  is  half-superior  (Saxifraya,  ^g,  171).  The  same 
terms  are  also  applied  to  the  .pistu  in  the  reversed  sense  to  indicate  the 
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«□*  eondilioin :  i.  e.  when  the  calyx  is  inferior,  the  free  otwj  is  supe- 

T!k  Vetna  perigyiunu,  &c.,  aad  ealyaAoral,  &c.  ore  in  constEUit  use  and 
['IT  coorraient,  but  ther  may  conTey  fnlBe  notioas  u  to  actual  structure, 
Iz  ]he  perigynotu  flowers  of  Rosacese,  for  example,  such  as  those  of 
Fifcria,  Gam,  Ac,  the  stamenB  reallj  rise  from  an  expanidon  of  the 
yayaile,  fonuing  the  soH^sd  throat  of  the  calyx,  and  in  Ro»a,  Pyna 
'-!  ITi).  and  other  mmilar  forme  the  carpels  are  really  encloted  in  an 
-imtled  receptacle  or  reteptacviar  tube,  from  the  upper  edge  of  which 
ir-jik,  petalf,  and  Btanens  arise.  In  these  cases  the  receptacle  instead 
■'(k^^tkemug  into  a  conical  extremity  becomes  tubular. 

Rg.  170. 


lobini ;  piNil  inferior,  emlji  npeiior,  mfoIU  (upvior,  ■tameu 

IIm  adherence  of  stameiis  to  pistils  produces  what  is  called  the  gyrum- 
'^tw  cooditioD,  so  remarkable  a  character  of  the  Orchidacete  and  Ascle- 
(ialweK. 

Imgnlar  growtll. — Irregularity  of  flowers  arising  from  unequal 
•k/,  different  fortn,  or  unequal  degree  of  titration  of  the  organs 
'it  irhoris  is  extremely  common.  DifEereut  form  and  size  produce 
;mgalarity  in  the  floral  envelopes  and  stamens  of  many  plants 
■bete  theee  ore  free  ;  and  this  is  often  associated  with  irregulariti* 
•riling  from  nupprcssion.  The  irregular  union  occurs  alone,  or  is 
tupnadded  to  all  the  rest  when  the  organs  are  coherent ;  this  cou- 
iliuon  is  oft«nest  found  in  the  floral  envelopes,  in  the  stamens  less 
beqaently,  and  in  the  pistils  perhaps  not  at  all. 

liRnilar  palypetaloue  flowers  illustrating  this  point  present  themselves 
it  rKpOianaceouB  plants,  in  Fumariacen,  Violacen,  &c.;  irregular  poly- 
•'piliKis  calyces  occQi  in  Aewiitum,  Delphoiium,  &Q.    Stamens  are  gene- 
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ntlly  alike  in  the  Mme  circle ;  but  in  didynamout  stamens  (two  lung  aud 
two  short)  there  is  ftn  exception  to  this.  Irregular  gamoaetialout  csJtcm 
and  iire^lar  pfamopetalous  corollas  are  met  with  in  endless  TarietV  of 
forms,  in  the  majority  of  which  there  is  a  tendency  of  the  compootot 
organs  of  a  whorl  to  asgodat«  together  in  two  gr'^up^i  boat  and  back,  so 
as  to  produce  a  bilabiate  condition,  as  in  the  corollas  of  most  Labiatieaiid 
Si^ropbulariacera.  Unequal  deirree  of  union  of  stameos  produce?  thf 
diadflphoui  condition  of  many  LeifuminosM.  and  the  still  more  irreirula.- 
pnltfoaelphma  condition  in  the  Orange.  These  pointa  will  be  furthri 
eirplained  in  the  neit  Sections. 

It  may  bo  repeated  here,  that  the  deyiations  from  irregularity  fAllIni: 
under  this  head  almoat  universally  arise  during  the  development  of  th« 
bud  (wm  its  originally  regular  ruaiments. 

Development  of  the  Thalamtu. — Most  flowers  have  only  very 
short  or  contracted  internodes  developed  between  the  whorls ;  that 
is  to  say,  the  receptacle  or  thalamua  ia  usunllr  not  lengthened. 
Exceptions  occur  to  this,  however  ;  for  in  the  Caper  tribe  we  have 
long  lateroodes  between  calys,  corolla,  stamen,  and  pistil. 

Fig.  1-4. 


F*.  Hi.  ridwe 


ontgnnth  thun  tiu  rHcptuU. 


In  Dianlhu*  and  SiUne  (fig.  ITS')  there  is  a  short  interaode  between 
the  calvx  and  corolla,  in  Gmtiana  between  the  stamena  and  the  piatil.  ' 
In  the^oee  (fig,  174)  the  receptacle  is  expanded  into  a  cup,  from  tb«  i 
inner  waUs  of  which  the  carpels  arise ;  and  m  Ndumbnim  lie  carpels  "* 
immersed  in  a  large  fleshy  receptacle.  In  many  cases  what  is  teroifi  ' 
calyx-lube  is  in  reality  a  tubular  prolongation  of  the  receptacle,  from  lli^  I 
edge  of  which  the  ralyx,  petals,  and  stamens  arise.  In  the  Pteonf  lf>' 
receptacle  ia  raised  up  into  a  kind  of  cup  or  "  di>k  "  round  the  car)H>ls,  in  ' 
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F  J^Hrfoji  enclosing  them  all  but  the  stigmas :  the  apparently  inferior 
v-idon  of  the  ovary  of  Vieioria  depends  ou  the  discoid  development  of 
u  receptacle  where  the  outer  floral  circles  are  inserted.  A  ring  of 
« 'TJltT  nature,  free  from  the  ovaiT)  occurs  in  AlchemiUa,  Another  con- 
i-l'jL  exists  in  the  Mignonette  {tUseda),  where  the  cup-like  or  annular 
k^ckipment  of  the  receptacle  is  inside  the  floral  envelopes,  and  forms  a 
>jfpc>ft  to  the  fitamena  surrounding  the  ovary.  This  form  of  the  ^'  disk/' 
T^:b  oceurs  also  in  Acer  (iig.  175),  must  not  be  confounded  with  those 
C  Dtzidiiig  on  the  presence  of  perfect  or  imperfect  whorls  of  abortive 
:  ^  oigaDs.  The  epigynous  disk  of  UmhellifersB  (fig.  170)  and  allied 
/tiss  is  probably  a  development  of  the  receptacle,  since  tne  so-called 
•■i.<!;^t  tube  of  the  calyx  is  perhaps  an  excavated  receptacle.  In 
'  irsay  and  to  a  greater  or  less  extent  in  other  OnagracesB,  the  epigynous 
;toag  enpporting  the  floral  envelopes  and  stamens  is  prolonged  into  a 
uv  ihove  the  inferior  ovary,  surroundlDg  the  long  free  style.  Where 
TXis  are  multiplied,  we  often  find  the  thalamus  lengthened  into  a 
:  ckal  or  clavate  Dody,  to  give  room  for  the  insertion,  as  with  the  pistils 
«f  Smutteulus  (fig.  1(38),  Magnolia,  Fragaria,  &c.  in  Qeraniacese  the 
>c?p!acle  is  prolonged  into  a  column  in  the  centre  of  the  confluent  styles  \ 
lA  the  same  occurs  to  less  extent  in  Euphorbia. 

T^liea  a  circle  of  organs  is  removed  from  its  predecessor  by  a 
Tilk-like  intemode,  it  is  called  stipitate.  The  commn  supporting 
'^e  carpels  of  Oeranium  (p.  143,  fig.  276),  or  those  of  UmbelliiFeraB,  is 
termed  a  carpophore ;  the  stalk  of  the  ovary  of  Gentiana  is  a  gyno- 
}^>rg ;  a  stalk  above  the  corolla,  supporting  both  stamens  and  pistils, 
i"  is  Passion-flowers,  is  ^gynandrophore.  The  form  of  the  flower  is 
impendent  in  many  cases  on  the  obliquity  of  the  receptacle,  as  in  Le- 
riminoss,  Aconitum^  Delphinium,  and  many  other  irregular  flowers. 

Snalion,  Siibstitatioiiy  Superposition. — The  modifications  arising 
froQ  enaiion  have  been  already  alluded  to ;  while  those  dependent 
<'Cthe  9uhgtitution  of  one  organ  for  another,  as  in  many  double 
sobers  where  the  stamens  are  replaced  by  petals,  demand  only  pas- 
sing notice.  Sujperposition  arises  from  various  causes,  as  from  the 
at^^rtion  or  suppression  of  a  part  that  should  come  between  and 
alternate  with  the  superposed  parts,  or  it  may  arise  from  chorisis 
or  tnation,  or  from  true  superposition  of  successive  cycles,  as  in 
^hia^  and  possibly  by  growth  in  the  axil  in  the  same  way  that  a 
'  is  sxiUarv  to  a  leaf. 


CavflM  prcdnfiing  modlflcations, — ^The  modifications  met  with  in  the 
c^u^oction  of  flowers  may  be  dependent  upon  arrest,  exaltation,  or  per- 
^^tmon  of  growth  or  of  development,  either  separately  or  in  conjunction. 
%  powth  is  meant  mere  increase  in  bulk,  by  development  the  progressive 
thia^  in  the  form  and  structui^  of  organs  (metamorphosis)  which  takes 
pbce  in  the  course  of  their  passage  from  the  initial  to  the  adult  stage.  By 
tlie  iction  of  the  causes  above  mentioned,  the  parts  of  a  plant  vary  in  com- 
f^tion  (ample  or  divided  leaves,  &c.),  number  (increased  or  diminished)! 
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arrangement  (spiral^  opposite,  or  yerticillate,  &c.),  freedom  or  nniony  form 
(regular  or  irregular),  order  of  growth  (consecutive,  simultaneous,  inter- 
calary, definite,  indefinite  or  interrupted,  congenital  or  po8tcongenital,&c.>. 
These  changes  may  be  congenital  and  hereditary y  and  then  common  to  all 
plants  that  have  originated  fix)m  a  common  ancestral  type ;  or  acqmrt^ 
or  adaptivef  when  they  have  become  manifest  in  order  to  fulfiJ.  certain 
special  or  individual  requirements,  or  to  put  the  plant  in  harmony  with 
tne  circumstances  under  which  it  has  to  live.  Thus  the  form,  colour, 
and  perfume  of  flowers  are  often  in  direct  relation  to  the  habits  and 
structure  of  the  insects  which  visit  them  for  the  sake  of  the  honey,  and 
whilst  so  engaged  effect  the  fertilization  of  the  flower  in  ways  hereafter 
to  be  mentioned.  It  may  thus  be  said  that  the  form  of  the  plant  and  its 
parts  is  dependent,  Ist,  on  hereditary  endowment,  and  2nd,  on  adaptation 
to  the  work  it  has  to  do,  the  means  it  has  of  doing  it,  and  the  circumstances 
under  which  it  must  be  accomplished.  Sometimes  from  causes  only  im- 
perfectly understood  there  is  a  reversion  from  a  more  complex  or  adult  to  a 
simpler  or  embryonic  form,  as  when  a  petal  or  a  stamen  becomes  leafy: 
and  other  cases  of  similar  character  may  sometimes  be  exnlained  hypo- 
thetically  by  assuming  them  to  be  reversions  to  an  ancestral  form. 

Diagrams,  Floral  formnlsB. — For  purposes  of  ready  comparison, 
and  to  avoid  lengthy  descriptions,  diagrams  or  plans  and  floral  for- 
mulsB  are  made  use  of. 

A  diaaram  is  intended  to  show  the  number,  arrangement,  and  relative  po- 
sition of  the  parts  of  the  flower.  Thus,  fig.  162,  p.  91,  represents  the  diagram 
of  a  complete,  regular,  isom  erous,  pentamerous  newer.  JRg.  161  ,p.  90,8hows 
a  trimerous  flower,  with  the  parts  in  regular  alternation.  Diagrams  of  this 
kind  are  spoken  of  as  empiric  when  Uiey  represent  the  actually  existing 
state  of  the  flower,  while  they  are  termed  theoretical  when  the  condition 
shown  is  that  assumed  or  known  to  be  the  typical  one,  apart  from,  the  modi- 
fications brought  about  by  abortion,  chorisis,  &c.  Tnus,  fig.  165,  p.  95, 
shows  the  usual  condition  in  Labiates,  where  there  are  four  stamens,  the 
situation  of  the  fifth,  which  is  abortive,  being  shown  by  the  dotted  circle. 

In  place  of  diagrams^/^df/ormu/t?  are  sometimes  made  use  of.  These 
are  constructed  in  various  ways  according  to  the  views  of  various  authors, 
though  it  would  be  convenient  if  uniformity  of  practice  could  prevail  in 
this  matter.  The  following  illustrations  will  exemplify  these  formulae ; 
thus  a  regular  pentamerous  eucyclic  flower  may  be  represented  thus : — 

86    P5    A5    G6; 

the  S  representing  the  calyx  of  five  sepals,  P  the  corolla  of  five  petals, 
A  the  androecium  of  five  stamens,  and  G  the  gynaecium  or  pistil  of  five 
carpels,  each  whorl  distinct  from  each  other,  and  the  parts  of  each  indi- 
vidual whorl  also  distinct  and  free  from  cohesions  or  adhesions  so-called. 
In  the  instance  given,  the  parts  are  assumed  to  be  all  in  their  proper 
alternate  position  \  but  this  might  be  more  clearly  shown  thus : — 

86        A5 
P6        G6 

or  more  briefly  thus : — 


TEE  PLOKU. 

ir  F  »tiudiiig'  for  flower. 

la  «der  to  indicata  Mhesion  a  lin«  or  a  bracket  crver  the  letters  maj 
>"  L^  and  •  nmilar  line  placed  vertically  by  the  nde  of  the  letter  may 
Bfnsent  adlurion :  tlius  the  formola 

F6  =  ^ 
I  PA 
EiT  be  taken  to  represent  the  flower  of  a  Prinuoser  in  which  the  fire 
icfak  tn  oobereat,  the  five  pettda  likewise  coherent,  tbe  live  atamens 
ifiaoag  themselTSs,  but  superposed  and  adherent  to  the  corolla,  and 
joij  the  five  carpels  coherent  one  with  tbe  other.  The  spiral  or  verti* 
TJitt  toangements  ma;  also  be  indicated  bj  similar  devicea,  thus : — 

rvS  i  P  6ojAccG5 

Ttnli  bidicate  a  csIti  of  five  sepals  ananged  spirally  on  tbe  f  plan,  a 
MiJli  of  Sve  petals  verticillate,  an  androecium  of  naniwous  ntamens 
mitfti  apirally,  and  a  gyjiscium  or  pistil  of  five  coherent  carpels,  tbe 
WE  !\,  inucating  a  spiral  arrangement,  and  the  ntgn  a>  always  indicoUng 
ii  odefinile  number  of  parts  or  too  many  to  be  readily  counted  >. 

Sect.  8.  The  Flokai,  EirvELOFEa  ob  Febukth. 

Cilyi  and  Corolla. — The  floral  envelopes  of  a  typical  flower 
^M  of  two  circles  of  organs.  Forming  tbe  eal^a:  and  corolla, 
Tane  u  no  fundamental  difference  between  sepals  and  petalit  (the 
tfnns  wbidi  compoee  these  circleB) ;  and  the  only  general  detini- 
aoa  that  can  be  given  is,  that  the 

(tor  circle  (or,  if  only  one  circle  *     ^-  ^'^'      ^ 

ttntt,  that  circle)  is  the  calyx; 
iMcoroUa  consists  of  the  second 
''"it  (or  sometimes  of  additional 
^Klee)  oC  foliar  organs  intervening 
^*^t"cen  tbe  calyx  and  the  stamens. 
li  Nme  few  cases  the  perianth  or 
ioral  envelopes  are  entirely  wMit- 

u^.  M  in  many  Aroids.  o^^  ^^  ,p^^ 

,  The  above  definition  of  the  calyx  t  Sf*^,''l''™",>- 

"JM^  to  Mception   in  rare   cssi;  "■  '*"-*«- <B-»->- 

M  in  the  Mtlvuese,  the  Dipsacem,  and  some  Ttosacew  the  true  cnljx 

"  Pm  detoilt  reUting  to  tbe  morpliDlogy  of  the  flower  the  student  should  con- 
nil  ftdilBr'i  ■BluthendiMrammB.'^Sachfl'a  Teit-Book,  and  MaatsraV  '  Vegetable 
loWologj."  RcTerence  ihould  also  be  made  to  the  aocount  of  the  principnl  natu- 
ilunlmintbe  following  ptgea,  wherein  the  general  principles  of  morphology 
m  lUurtntcd  bj  reterenoe  to  their  portitnilar  application  to  differant  order*. 
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ia  double,  that  is,  a  circle  of  smaller  organs,  resembling  sepals,  or  a  tubu- 
lar cup,  stands  outside  the  proper  calyx,  forming  what  is  called  an 
epictUyx  (fiflr.  176).  The  ambiguity  in  these  cases  is  removed  by  the 
existence  of  a  well-developed  coloured  corolla  inside  the  calyx. 

The  epictUyx  of  Malvaceae,  like  that  of  Dipsaceee,  is  perhaps  to  be 
regarded  as  an  involucre  of  bracts.  That  or  PoterUilla  (fig.  176,  b| 
and  allied  genera  is  sometimes  supposed  to  represent  confluent  lateni 
lobes  or  stipular  appendages  of  the  sepals. 

Perianth. — The  termB  perianth  or  perigone  are  used  in  h  general 
sense  to  signify  all  the  floral  envelopes,  and  are  specially  applied 
to  instances  where  the  distinctions  between  calyx  and  corolla  are  not 
apparent,  e,  g,  when  the  sepals  and  petals  are  all  petaloid,  as  in  the 
Tulip,  &c.,  and  when  they  are  all  green  and  sepaloid,  as  in  the 
Dock,  &c.  The  words  are  also  applied  to  the  calyx  in  the  Orders 
where  it  regularly  exists  alone,  either  in  a  sepaloid  or  petaloid  con- 
dition, as  in  Daphne  and  the  Monochlamydeous  orders  generally. 

iBstivation. — The  arrangement  of  the  floral  envelopes  in  the  bud. 
the  aestivation  or  prcefloration,  is  a  subject  of  great  importance  in 
systematic  botany,  as  affording  very  regular  characters  in  the  ma- 
jority of  the  natural  orders. 

The  plans  of  aestivation  given  in  illustrative  works  (fig.  177)  are  taken 
from  horizontal  sections  of  the  bud  just  before  it  opens;  and  in  csf:^ 
where  the  sepals  or  petals  are  coherent  below,  the  section  is  supposed  to 
pass  through  the  free  lobes  of  the  limb. 

The  aestivation  of  flower-buds  agrees  essentially  with  the  verna- 
tion of  leaf-buds  (p*  72),  especially  as  regards  the  folding  of  the 
individual  organs ;  the  sepals  and  petals  may  be  redinate^  condvpH- 
cate,  plicate,  convolute,  involute  (a  still  further  roUing-in  rendering 
this  induplicaie),  revolute  (in  excess  becoming  recluplicate) ;  eirein<tte 
as  in  the  petals  of  Hamamelis,  and  an  additional  case  is  found  in 
Poppies  and  some  other  flowers,  where  the  petals  are  irzegolarly 
crumpled-up,  or  corrugate, 

[Collectively  the  arrangement  of  the  organs  is  either  imhrienU, 
valvate,  or  open.  Imbricate. — The  varieties  of  this  kind  are  best  seen 
in  whork  of  five,  which  furnish  four  distinct  forms  of  aestivation, 
each  being  deducible  from  that  which  precedes  it,  by  shifting  the  edge 
of  one  petal,  as  follows : — 1.  Quincuncial,  or  the  ^  plan  (fig.  177,  A ). 
2.  Half-imbricate  (B),  which  only  differs  from  the  last  in  that  the 
4th  part  overlaps  the  2nd.  3.  Imhricaie  proper  (C),  in  which  the 
5th  part  overlaps  the  3rd.  4.  Convolute  (D),  in  which  the  3rd  part 
overlaps  the  first.  If  convolute  petals  are  twisted,  they  are  called 
contorted  (fig.  177,  F).  In  other  words,  the  axis  of  a  median  line  down 
each  petal  is  erect  in  the  simply  convolute,  but  spiral  in  the  con- 
torted. 
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Lnbncated  whorls  with  four  or  three  parts  are  usually  either 
bhrkate  proper  or  convolute.  Whorls  with  two  parts  are  often 
'I'iitant  (fig.  125),  as  are  the  petals  of  Poppies ;  or  half-equitant, 
le  rbe  sepab  of  Poppies,  of  which  each  part  has  one  edge  overlapping 
13  edge  of  the  other.  These  two  conditions  may  be  regarded  as 
•>grad»l  forms  of  the  imbricate  proper  and  convolute  respectively. 

A  special  form  of  the  half-imbricate  is  seen  in  the  {estivation  of  papi- 
jriocdoiis  eoiollas  (fig.  177,  £),  and  is  named  vexUlary^  from  the  posterior 
|»al which  is  called  me  vexilium,  or  "  standard."  The  order  of  the  petals  is 
i-  rolIowTB : — ^The  standard  is  No.  1 ;  either  keel-petal  is  No.  2 ;  the  wing- 
tt:^  on  the  opposite  side  of  the  flower  to  the  last  is  No.  3;  the  other 
^Ji?  Xa  4 ;  and  the  remaining  keel-petal  is  No.  5.  Thus  No.  4  will  be 
«*n  to  overlap  No.  2  (see  figs,  191-l63,  p.  111). 

The  aestivation  of  the  Snapdragon  {Antirrhinum  niajus)  is  called 
rMMear,  but  it  is  really  half-imbricate. 

When  the  organs  are  coherent  at  their  margins  they  may  become 
uiioQsly  plaited  or  plicate,  the  portions  sometimes  assuming  the 
uotorted  character,  as  in  the  corolla  of  the  Convolvulus  (fig.  177,  H). 

Fig.  177. 
A  B  0  D 

„  ■  O  O  O' 


G  H 


iEitivation  of  oorollaa. 

IQabMOBeiaL  B.  Half-imbricftte.  C.  Imbricate.  1).  ConTolute.  (After  O.  Hentlow.)  E. 
VeriUary  e»tiT»tioo  of  the  corolla  of  a  Papilionaceotu  flower.  F.  Contorted  nstivatioii 
of  the  eoroUa  of  Malea.  G-.  Yalvate  sativation  of  the  corolla  of  VUu.  H.  Plicate 
ntrnlion  of  the  corolla  of  OmmAvtilu*. 

Ydwit  (Bttivaiion. — ^This  kind  of  eestivation  occurs  when  the  mar- 
eios  meet  but  do  not  overlap  (fig.  177,  G).  If  the  margins  of  the 
'^Tgaos  are  rolled  inwards  they  are  involute  or  indvplicate  (fig.  127) ; 
it  on  the  other  hand,  they  are  rolled  outwards,  they  are  called 
tmltUe  or  reduplicate^  in  both  of  which  cases  the  rolled  borders 
01^7  are  m  contact,  and  not  the  absolute  margins. 
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Open. — This  is  also  called  "  straight.''  The  parts  of  the  whorl, 
usually  the  caljx,  are  so  rudimentary  or  arrested  in  growth,  that 
they  do  not  even  meet,  as  in  the  Umbellifero!,  Bubwcece,  &c.  Hence 
this  aestivation  may  be  said  to  be  indetermintUe. — G-.  H.] 

The  calyx  and  corolla  may  both  have  the  same  SBstivationi  or  they  may 
be  different ;  and  their  characters  may  hold  food  for  all  the  species  of  a 
genus,  as  in  Hypericum,  in  which  the  calyx  is  quincuncial  and  the  corolla 
contorted,  or  even  for  all  the  genera  of  an  order,  as  of  Malvacesd,  in  wKich 
the  calyx  is  valvate  and  the  corolla  convolute  or  contorted ;  but  it  ia 
very  common  for  a  species  to  have  several  varieties  in  dif^nt  individual 
flowers,  even  on  the  same  plant. 

The  direction  of  the  spiral  in  imbricated  SBstivations  is  variable^ 
often  in  the  same  plant :  occasionally  the  direction  changes  in 
passing  from  the  calyx  te  the  corolla ;  at  other  times  it  remains  the 
same ;  and  this  character  is  sometimes  constant,  in  other  cases  very 
inconstant.  In  determining  the  direction  of  spirals,  right-hand  or 
left-hand,  it  is  usual  to  suppose  one's  self  standing  in  the  axis  of 
the  organ ;  but  many  authors  suppose  themselves  standing  in  front 
of  it — for  instance,  in  the  place  of  the  bract  of  a  flower,  which  gives 
the  exact  opposite  of  the  former;  hence  great  confusion  in  the  ap- 
plication of  the  terms  dextrorse  and  sinistrarse. 

Calyx — ^The  calyx  is  the  outermost  circle  of  the  floral  envelopes. 
It  is  composed  of  phyllomes  or  modifications  of  leaves,  called  sepals: 
according  as  the  sepals  are  distinct  or  coherent,  the  calyx  is  termed 
polysepalous  (or  dicdysepalous)^  or  tnofwsepalaus  (or  gamosepalota). 

The  exceptions  to  the  absolutely  external  position  of  the  calyx  have 
been  pointed  out. 

The  Sepals  generally  bear  more  or  less  resemblance  to  bracts, 
being  attached  by  a  broad  base,  seldom  articulated,  without  any 
stalk,  and  of  a  green  foliaceous  texture ;  not  unfrequently,  how- 
ever, their  texture  is  of  the  coloured  and  delicate  nature  described 
as  petaloid.  They  are  usually  entire,  but  the  margins  are  some- 
times cut,  as  in  the  Eose  (fig.  158),  and  they  are  occasionally  re- 
duced to  scale-like,  or  even  feathery  or  hair^like  processes.  They 
are  likewise  subject  to  the  production  of  pouches,  spurs,  Ac.,  es- 
pecially at  the  lower  part,  both  when  distinct  and  when  coherent; 
and  the  apex  is  often  more  or  less  prolonged  into  a  point  or  spine. 
Their  mode  of  venation  is  usually  like  that  of  the  sheath  of  the  leaf. 

Some  confusion  is  liable  to  arise  in  the  condition  called  a  superior  calyx, 
where  the  segments  are  totally  free :  if  we  suppose  an  adherent  tube  to 
exist  below,  such  a  calyx  would  be  monosepalous ;  but  the  eo-csUed 
calyx-tube  is  usually  a  cup-like  receptacle,  and  the  sepals  originate  or 
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Wflae  detached  from  the  point  wheie  they  Hpjteai  to  be  inserted — for 
luapi^  in  RoMcen,  Umbellifene,  Cucuibitacioe,  Compositie,  &c. 

PoljMpaloiU  Calyx. — In  the  polyuepalous  calyx,  if  the  sepals 
n  thke  and  lyminetrically  arranged,  the  calyx  is  regular  ;  if  aome 
ittlie  sepals  are  larger  than  others  {Helianih^m'am,  Ghtiranthv,*, 
%  178)  it  becomes  irregular ;  and  this  is  still  more  the  case 
iten  the  sepals  differ  in  form  as  well  as  size.  Some  of  the  most 
:i!urkalde  irregular  forms  of  polysepalous  calyx  occur  accom- 
^axA  by  a  petatoid  condition,  as  in  Aconitum  (iig.  17S)  and  Dtl- 

I^  eoloored  calycee,  both  regular  (FhcAm'o)  and  irregular,  may  be 
<«l.'  iBMttkm  for  corollas;  but  they  are  known  by  their  eiterior  posi- 
u.  ud  in  some  cases  by  tiie  exiiteoce  of  a  more  or  leas  perfect  corolline 
--tV  Tithin. 

Ilinetia&. — The  direction  of  sepals  (whether  distinct  or  partially  co- 
k;rat  j  u  indicated  by  technical  terms ;  thus  they  may  be  erect,  cotmi- 
Bl(yie points  turning  in),(A'wr^eNf,  oreveo  refiexed. 

Fig.  179. 

Flit.  180. 
Fif.  178. 


\ 


H  [!?-  Invfolir  paIthiwIodi  nlji  of  Cktirntttlma,    Two  of  tlu  ftnr  Hpftla  jkf«  dilated  or 

-;)%  Imnlir  inljKpslou  eolcmnd  alji  of  Aenif M>  I^iluUu. 
U  l«  I>|bW  fUDMIAllHl)  aJji  of  W»>  i^la. 

hHi  of  a  Oamotspalons  Calyx. — When  the  sepals  are  confluent 

"not  separated,  the  gamoiepaloai  calyx  (fig.  180)  ia  usually  de- 
'nbed  SB  a  nhole.  The  part  where  the  sepals  are  coherent  or  are 
*iJ  iiseparate  Ja  the  tvhe ;  the  upper  boundary  of  this  is  the  throat 
,'");  and  the  free  or  spreading  portion  constitutes  the  limh — 
<]po9ed  of  Mtea  or  teeth  with  intervening  tinutet  when  the  upper 
I'lt  of  the  sepals  is  more  or  leas  distinct ;  entire  when  the  sepals 
^  M  completely  confluent  that  the  compound  nature  is  not  indi- 
^  by  any  teeth  or  fissures  at  the  free  edge. 
u  a  necessary  not  to  confound  the  recepiacuiar  tube  with  the  tmli/x-tube 
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proper.  An  investigation  of  the  course  of  development  will  show  the 
oi^rence  between  the  two,  and,  generally  speaking,  the  position  of  the 
petals  and  stamens ;  if  the  latter  are  periffynous,  it  is  prooable  that  the 
tube  below  is  receptacular.  The  venation  and  internal  structure  will  also 
serve  as  ^ides  in  this  matter,  inasmuch  as  the  receptacular  tube  contains 
not  only  its  own  vascular  bundles,  but  those  of  two  or  more  verticils  of 
flowers,  and  which  are  derived  from  the  primary  ones  by  subdivision. 

Form, — The  gamosepalous  calyx  is  subject  to  the  same  kinds  of 
modification  as  that  in  which  the  sepals  are  distinct.  It  is  either 
regular  or  irregular. 

Of  the  regular  kinds  we  find  a  large  number  which  present  forms  ad- 
mitting of  general  technical  names,  such  as  tubular  or  cyUndricalj  cvp- 
shaped,  infundtbuHfortn  or  funnel-shaped,  campanulate  or  bell-«haped, 
urceoUde  when  the  tubular  form  is  expanded  below,  turbinate  or  top- 
shaped  when  expanded  above,  inflated  wnen  the  lateral  view  is  oval  or 
roundish  with  a  narrow  mouth  (%.  180),  &c.  In  some  species  of  Cam^ 
paniUa  there  are  regular  appendages  at  the  bottom  of  the  smuses  between 
the  teeth.  In  Primula  and  some  other  genera  the  tubular  calyx  is  an- 
gular or  plaited. 

Calyces  nearly  resembling  the  above  are  rendered  irregular  either  by  a 
greater  extent  of  disunion  taking  place  between  some  of  the  sepals,  the 
mtervening  fissures  being  so  much  deeper  than  the  others  that  the  teeth 
become  associated  in  two  sets,  giving  a  bilabiate  condition  (fig.  181)— or 
by  irregularities  at  the  base,  where  a  shallow  pouch  renders  the  calyx 
gibbous  (fiR.  178),  a  deeper  one  saccate,  and  a  long  narrow  pouch  forins 
what  is  called  a  spur.    In  Pdargonium  this  spur  adheres  to  tne  peduncle. 

In  some  instances  a  tubular  development  of  the  receptacle  or  flower- 
stalk  simulates  the  spur  of  the  calyx. 


Rg.  184. 


Fig.  181. 


Fig.  183. 


Fig.  181.  Btlabiftte  calyx  of  Sci/ria. 

Fig.  1S2.  Floret  of  HcflbtMa,  the  limb  of  the  calyx  replaced  by  briatle*  {papput). 

Fig.  1S3.  Fruit  of  OJcAorivm,  crowned  by  tile  persistent  calyx  represented  by  a  oinde  of  qnnes 

(ftapput). 
Fig.  104.  Section  of  the  persistent  oaiyx,  enclosing  the  ripe  capovile,  at  Hjfotcgammt, 

The  Pappus. — The  free  portion  of  the  calyx  of  Composite,  Dip- 
saoeae,  and  Valerianaoeae  exhibits  a  very  aberrant  condition  by 
appearing  in  the  form  of  scales,  bristles,  or  feathery  or  simple 
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liirs,  oonstituting  what  is  called  the  pappus  (figs.  182,  183).  In 
'  -ntrantkus  the  limb  of  the  calyx  is  undeveloped  when  the  flower 
^eos,  but  expands  during  the  ripening  of  the  fruit  into  a  crown 
i  feathered  processes.  It  is  doubtful  whether  the  pappus  is  not 
n  some  caaeB  a  series  of  mere  epidermal  growths  or  trichomes. 

BvalioiL — ^The  duration  of  the  calyx  yaries  ranch.  In  the  Papaye- 
n:«9e  it  is  cadHctms,  falling  off  when  the  flower  opens ;  if  it  falls  with  the 
^-loUa  soon  after  fertilization  of  the  ovules,  it  is  deciduous ;  very  fre- 
ciieadv  it  is  persistent  darii^  the  ripening  of  the  seeds,  as  in  Labiatae, 
<<is«  Solaoacee  (fig.  184),  CompositSB  (fig.  183),  &c. ;  the  upper  part 
smedmes  separates  by  a  circular  8lit,  leaving  tha  base,  as  in  Datura 
S*ranomttm ;  occasionally  it  grows  during  the  maturation  of  the  fruit, 
led  is  then  accreseentf  forming  in  Physalis  and  Trifclium  fragiferum,  for 
nuBfls,  a  veidcular  envelope  to  the  firuit.  In  the  Marvel  of  Peru  and 
'.tyr  plants  it  is  imtrcescent,  remaining  and  growing  into  a  firm  envelope 
AtksfnnL 

ForUier  details  respecting  the  characters  of  the  calyx  are  given  under 
ti»  bead  of  the  Perianth, 

Hie  Corolla. — The  corolla  is  composed  of  all  the  leaf-like  organs 
or  Horal  envelopes  situated  between  the  calyx  and  the  stamens ; 
tiese  are  individuaUy  called  petals,  and  may  exist  in  one  or  more 
Tildes.  Where  many  circles  exist,  the  inner  organs  often  become 
stcnUd  or  deformed,  and  more  or  less  resemble  barren  filaments  or 
wjrtive  stamens  (^Nymphasa),  Each  petal,  under  ordinary  circum- 
^taiKaes,  intervenes  or  alternates  between  two  sepals. 

The  pet^  are  either  distinct,  and  then  the  corolla  is  called  dialypeta-- 
'^  at  polypetalous  I  or  they  are  more  or  less  coherent  or  inseparate,  and 
^e  corolla  is  gamopetalous,  sympetalous,  or  monopetalaus. 

Wbeo  more  than  one  circle  of  petals  exists,  the  corolla  is  multiple  or 
iodKle ;  this  is  normal  in  certain  plants,  but  is  very  liable  to  occur  from 
tniblonnation  of  stamens,  &c.,  or  from  actual  multiplication  of  whorls, 
L«  in  cultivated  flowers  of  the  Rose,  Camellia^  lUmunculus,  Anemone,  &c. 
Hie  petals  are  usually  direct  outgrowths  from  the  thalamus,  but  some- 
^«R  tW  appear  not  to  be  autonomous  parts  but  secondary  outgrowths 
&J31  the  stamens,  as  in  some  Mallows,  Primroses,  &c. 

The  Petals. — Although  petals  frequently  depart  more  than  or- 
'tnary  sepals  from  the  character  of  true  leaves  in  colour  and  tex- 
te,  they  present  greater  resemblance  in  some  respects,  since  they 
fcqaentiy  have  a  more  or  less  devaloped  petiolar  region,  which  is 
^ooietinies  of  considerable  length,  at  other  times  a  mere  thickened 
point;  and  they  are  commonly  articulated  to  the  receptacle.  The 
petiolar  portion  of  the  petal  is  called  the  claw  {unguis),  the  expanded 
portion  the  limb  {lamina)  (fig,  185).  Petals  are  likewise  more 
^oently  cut  at  the  margins,  as  in  the  fringed  petals  of  Pinks  and 
the  leeiiiiated  petals  of  Lychnis  Flos-Cuculi,  or  they  are  deeply 
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divided  into  lobes,  as  in  many  Caryophyllaceffi  (fig.  186)  and  tbc 
pinnatifid  petals  of  Schtzopetalum^  &c. 


Fig.  185. 


Rg.  187. 


Fig.  185.  Petal  of  Diantkut,  fringed  and  stalked.       Fig.  186.  BUobed  petal  of  AUime 

Fig.  187.  Spurred  petal  otAqutUgia, 

Forms  of  Petals. — The  forms  of  petals  resemble  many  of  those 
indicated  for  simple  true  leaves ;  in  addition  to  which  others  occur 
presenting  curved  surfaces :  these  are  called  simply  concave^  navi- 
cular or  boat-shaped,  cochleariform  or  shaped  like  the  bowl  of  a 
spoon,  &c. ;  or  they  may  have  basal  pouches,  and  be  gibbous^  sac- 
cate, or  spurred  (fig.  187).  Others  have  peculiar  appendages  above, 
such  as  the  crests  in  Polygala  and  the  strap-like  infiexed  points  in 
the  petals  of  the  UmbellifersB. 

The  term  nectary  is  vaguely  employed  to  indicate  certain  struc- 
tures of  varying  character  intermediate  in  position  between  the 
petals  and  the  stamens,  and  different  in  aspect  from  both. 

Petals  are  ordinarily  of  delicate  structure  and  coloured,  whence  wo 
derive  the  term  petalM ;  hut  they  vary  in  texture  from  a  membrana- 
ceous to  a  thick  and  fleshy  condition,  such  as  we  see  in  Magnoliay  Nym" 
phaa,  &c. 

PolypetalooB  Corollas  are  regvlar  when  the  petals  are  equal 
and  symmetrically  arranged;  the  individual  petals  may  be  them- 
selves either  symmetrical  or  oblique,  provided  they  are  all  alike. 

Some  of  them  have  received  special  names,  such  as : — the  rosacenw, 
where  there  are  five  spreading  petals ;  the  UliacecuSj  where  six  petals 
spread  gradually  from  a  funnel-shaped  origin ;  caryophyliaceousy  where 
five  petals  have  long  erect  claws  fKbm  which  the  limbs  turn  off  at  a  sharp 
angle ;  cruciform,  where  four  such  long-dawed  petals  with  horizontal 
limbs  stand  in  the  form  of  a  cross,  as  in  the  Wallflower,  &c  Slight 
de^ees  of  irregtdarity  arise  firom  some  petals  growing  larger  than  others, 
as  m  the  case  of  the  outer  petals  of  the  outer  flowers  of  the  coijmbs  of 
Iberia,  those  of  the  umbels  of  Umbellifera,  &c. ;  but  more  striking  irre- 
gularity results  from  unlikeness  of  the  petals  and  disturbance  of  symme- 
try in  their  insertion  or  point  of  emergence.    The  imperfect  corolla  of 
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Aeonxte  (tig.  188)  u  an  example  of  this ;  and  a  still  more  imnortant  case 
terars  in  IhepapiUonaceous  corolla  of  Leffuminosa  (figs.  101-193),  which 
'J  eomposed  of  five  petals,  of  which  the  posterior,  the  vexiUum  (fig.  192,  a) 
T  Standard,  the  laigest,  osoally  symmetrical  in  form,  is  placed  tran»- 
T-iselj ;  the  two  lateral  (fig.  192,  b,  6),  mostly  oblio  ue  in  form  and  small, 
:«miDg  the  oUb  or  wings,  stand  right  and  len;,  witn  the  edges  fore  and 
i^:  and  the  two  anterior  (fig.  192,  e,  e),  also  small  and  oblique,  often 
0  Cerent  in  front,  and  forming  the  carina  or  keel,  also  stand  with  their 
.-ijrtt  forward. 


Kg.  188. 


Fig.  190. 


Fig.  189. 


r«.l«.  Flower  ol  AemtUmm  with  the  Bepala  removed,  showing  the  two  hammer-headed 
poifeenor  petali  (or  neotariesX  with  lateral  amd  anterior  soale-like  petals,  outnde 
the  ninnenNu  atuneoa. 
H  in.  Bikbiate  scroll-like  petal  (or  neotarr)  otHMsbonu,  .  ^,.  , 

^i  :«>.  Tlavet  of  Composite,  with  inferior  ovary  sarmonnted  bj  scsly  pappo*  and  tabular 


Eiamples  oecnr  in  the  large  order  LeguminossB  of  almost  eyery  modi- 
fettion  of  the  papilionaceous  corolla,  approaching  to  regularity  in  Baptma 
'Tinnance,  and  still  more  in  GiMta.  Irregular  corollas  exist  also  in  the 
FiiiaariaceiB,  in  Fto/a,  BtlsaminaceaB,  Pelargonium,  Tropaolum,  and  yery 
a«or  other  plants. 

^  Fig.  193. 

Fig.  192. 


Fig.  191. 


7i{,i»L?ip]ioBaeeo«isoarolUorPea.  * 

2l  Itl  The  senarsted  petals :  a,  TeziUnm ;  ft,  b,  ale ;  e,0,  osrioa. 

^  Itt.  Orraaa-plaa  cff  floral  enTnlopes.  showing  the  coherent  sepals  and  astiTadon  of  the 

pdala.    The  eentral  line  snows  that  the  flower  may  be  symmetricaUy  divided  into 

tvo  eqnal  hnltea. 
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Gamopetalons  Corollas  have  a  tube,  throat,  and  limb  like  the 
gamosepalous  calyx;  and  similar  terms  are  used  to  indicate  the 
more  common  regular  forms,  such  as  tubular  (fig.  190),  campanulaU 
(fig.  194),  funnel-shaped  or  infundibuliform  (fig.  195),  urceolaie 
(fig.  196),  &c.,  a  few  others  being  requisite  for  the  corolla,  more 
especially  such  as  rotate,  when  the  tube  is  extremely  short  and  the 
Limb  spreads  at  a  right  angle  (Anagallis),  hypocrateriform  or  salvrr- 
shaped  when  a  similar  limb  turns  ofE  from  a  long  slender  tube 
(Jasminum,  PJdoa;)  (fig.  197),  &c. 

Irregular  gamopetalous  corollas  often  furnish  important  syste- 
matic characters ;  and  several  of  the  forms  or  classes  of  forms  have 
special  technical  names. 

The  ligulate  corolla  is  tubular  at  the  base ;  but  disanion  soon  occuniDg 
at  one  sinus,  the  limb  is  turned  off  to  one  side  in  the  shape  of  a  flat  m- 
bon  or  strap,  on  the  margin  of  which  occur  more  or  less  distinct  teeth 


Fig.  194. 


Fig.  196. 


Fig.  196. 


Fig.  194.  Cunponulate  coro!I»  of  a  Gentian.         Fig.  196.  T7roeolat«  corolla  of  a  Heath. 
Fig.  195.  Fannel-flhaped  corolla  of  Oonvoloulut,    Fig.  197.  SalTer^shaped  ooroUa  of  JPWor. 

indicating  the  five  component  petals  (fig.  198) ;  this  is  eapeciallr  fowid 
in  the  TKyJhrets  of  Compositse :  a  modificatida  with  the  tube  and  limb 
wider  in  proportion  to  the  length  occurs  in  LobeliaceiB.  The  labiate  or 
bilabiate  corolla  of  the  Labiatce  (fig.  199)  is  formed  by  the  two  upper 
petals  of  the  limb,  which  are  scarcely  at  all  separated,  and  stand  apart 
irom  the  three  lower  or  anterior  petals,  which  also  are  only  partially 
separatedf  forming  a  lower  lip  opposite  the  upper  one  and  projecting  for- 
ward from  the  throat  of  the  corolla :  sometimes  the  upper  lip  is  concave, 
and  is  then  termed  galeate^  or  helmet-like  \  in  other  cases  {Ajuga)  it  is 
almost  abortive. 

Almost  every  modification  of  this  form  occurs  in  the  Labiatas,  ap- 
proaching to  an  almost  regular  tubular  corolla  in  Mentha,  This  form 
occurs  also  in  the  florets  of  some  Oomppsitae  and  in  those  of  various  IHp- 
saceffi,  where,  however,  the  upper  lip  is  S-lobed  and  the  lower  2-lob6a ; 
in  the  Honeysuckle  the  upper  lip  contains  four  petals,  and  the  lower  is 
formed  by  a  solitary  one.  Veronica  has  an  irregular  corolla  intermediate 
between  bilabiate  and  rotate  (fiig.  200). 
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Ibe  ftnomaU  or  nuukJike  corolla  is  nither  indefinite  in  form :  the  tjpe 
i'a  otcart  in  Aaiirrhinum  (fig.  301),  which  itpproncbes  the  labiate  form  ; 
SI  ibe  Uinwt  is  doG«d  bj  a  ^bboiu  projecUun  (forming  the  palate), 
-itK  the  front  Tiew  the  appeftraace  of  a  mask  with  a  broaa-lipped 


Fig.  199. 


This  is  •ccompanied  br  a  mmilat  gibbout  coudition  of  tbe  base  of  the 
~fe  in  Atdtrrhinum,  and  by  a  spur  in  the  «ame  nituation  in  Linaria. 
ikmot  fottOA  of  tliia  type  occur  in   Calceolaria  (fig.  203),  Vtricularia 


fig.  203. 


'**>*.  rcMasr/M^,wtthnl«i>tiDiMt'onDriti>niaiidbli>a>>. 

"-  •-  "-^ 'BiiiwiTofmBorKiniewmpUDt,  •bowiatKuletiaUieth 


I  iDvvr  of  k  Bonfuueron*  pUnt,  ■! 
a,  (ovcrpgacid  to  Uia  p«t*l& 
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(^g,  203) ;  and  it  runs  into  the  labiate  form  by  such  corollas  as  those  of 
Mkampyrum  &c.y  becoming  tubular  in  Du/iialis.  Forms  allied  to  this 
occur  commonly  in  Bignoniacesa,  GesneracesB,  Acanthaoeie,  &c 

When  the  throat  of  a  bilabiate  or  irregularly  lobed  tubular  corolla  is 
widely  opened,  it  is  called  ringenl  or  gaping. 

Outgrowths  from  Petals. — Petals  when  distinct  sometimes  ex- 
hibit appendages  on  the  inner  face  which  have  been  interpreted  as 
stipulary,  as  in  Lychnis  (fig.  204) ;  in  Banunculus  we  find  a  minute 
scale  at  the  base,  and  in  Pama^sia  a  largish  scale,  simple  or  divided, 
and  of  glandular  character.  In  gamopetalous  corollas  we  often 
find  a  circle  of  scales  in  the  throat,  either  free  or  confluent  into 
what  is  called  a  coronet  (corona\  sometimes  developed  so  far  as  to 
produce  a  long  tube  projecting  from  the  throat.  In  other  cases 
there  is  simply  a  ring  of  hairs  in  the  throat  (Mentha,  &c.).  In  most 
cases  the  scales  are  in  front  of  the  lobes  of  the  corolla  (fig.  205), 
rarely  alternate  and  opposite  to  the  sinuses. 

Examples  of  circles  of  scales  in  the  throat  occur  especially  in  the 
Boraginacesd  {Myosotia,  Symphytum,  &c.)i  in  Ctucnta,  &c.  In  Nardtfrn 
paeiicus  and  other  species  the  corona  is  a  complete  ring,  while  in  X 
pseudo-narcissus  (the  Daffodil)  it  forms  the  deep  yellow  tube  projecting 
from  the  centre.  Some  authors  attribute  these  structures  to  chorim, 
others  regard  them  as  representing  a  circle  of  regular  stamens  in  an  abor- 
tive condition ;  and  the  alternate  scales  of  Samolus  may  represent  an 
abortive  circle  of  stamens,  as  this  would  restore  the  svmmetiy  of  the 
flower.  Usually,  however,  they  are  mere  outgrowths  from  the  petals, 
formed  by  enation  at  a  late  stage  of  development. 

These  structures,  by  a  confusion  of  terms,  have  been  called  nectaries  and 
nectariferous  scales.    The  terms  scale  and  coronet  are  more 
exact  and  convenient.  Fig.  S06. 

Dnratioii. — The  corolla  is  caducous,  deciduous,  or 
persistent,  like  the  calyx.  Occasionally  it  falls  away 
in  part  by  a  circular  slit,  as  in  Orobanche  and  Efiinan- 
thus. 

In  Vitts  the  caducous  coroUa  separates  from  the  recep-  the  vine.  Th« 
tacle  at  the  bases  of  the  petals,  wnich  cohere  above  and  C*^  ooheroif 
fall  off  like  a  little  star  when  the  flower  opens  (fig.  206).  Si  3r"m  JK 
The  corolla  is  mostly  deciduous  \  it  is  persistent  in  Cam-'  "ter  -  ihaped 
panula,  I***- 

In  withering,  the  petals  are  sometimes  closed  (occlusa),  as  in  £cheveria, 
spreading  as  in  BoussingauUin,  reflexed  as  in  Begonia,  crisped  as  in  PonVx, 
pulpy  as  in  Tradescaniia,  circinate  as  in  Cappans,  recirdnate  as  in  Mesem^ 
bryimthetnum,  and  condupUcate  as  in  some  species  of  Omithogalum, 

The  Perianthy  in  a  special  sense  (see  p.  104),  consists  of  the 
floral  envelopes  when  composed  of  two  circles  of  similar  organs, 
so  that,  except  in  position,  there  is  no  difference  to  be  seen  between 
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oItt  tad  corolla,  as  to  the  Tulip ;  or  of  one  drcle,  then  always 
oiled  a  oifx  whatever  its  colour,  as  in  Monochlamydeous  flowers. 

i  laige  nnmber  of  the  Monocotvledonous  orders         _,     ^^ 
>^m«s  a  pelaiaid  perianth ;    that  is,  there  are  two  "S-  '"i- 

rrdu  of  petaloid  orguu,  which,  from  their  reeem-  "^ 

'ituce,  or  ■etual  ooherence,  have  the  appeoiance  of  a 
n^  heiamerOBS  whorl.  Thia  perianth  m^  be  re- 
j^iar  (Bg.  207)  or  irreffatar,  like  the  aormal  caljx 
•ei  eorolli ;  it  may  be  poli/phi/llout  or  gamophgUoiu ; 
ud  the  oater  drcle  ma;  differ  to  tome  extent  from 
t^  inner  in  form,  fiie,  and  colour,  without  other  ir- 
^tfokriij.  The  forms  are  described  by  the  same  '^i'^  *" 
if.Tiu  u  tboM  used  for  the  calyi  and  corolla.  ■-     •" 

We  lure  a  regular  poljphyllous  perianth  in  the 
Tdipmod  Lily;  a  regular gemophylJous  perianth  in  urn  i 

SrmavtiiUu,  QiKpaliarta,  Tamia,S!.c.  iarepilai poly-  ^^ 

-jbiUooB  perianth  with  unlike  circles  in  Irii ;  and  irregular  polyphylloua 
pf^ifunhs  in  Zin^betacee,  Orchidaceffi,  kc 

Pniuth  of  Orchids. — The  irr^;ular  perianth  of  Orchidaces  ffigs. 
:'%  Jt  200)  requires  espedal  mention,  ss  the  Order  b  very  Urge  and  Uie 
fiiHict«3fl  of  the  peiunth  pecuUar.  Therearethreeouteroi^aDs(a,ii,  a), 
cflK  ar  lees  atihe,  and  usually  smaller  than  the  inner ;  of  the  inner,  the 
kunl  (i,  6)  are  smaller  than  the  posterior  (6'),  called  the  lip  (or  label- 
MHi.  vhich  is  often  excessively  developed,  and  even  divided  into  regions 
■Uch  receive  separate  nsmes;  in  many  of  our  nativeOrchids  it  possesses 
»iW(fig.208,i"J. 

Kg.  209. 

Pta.SM.  FifrSia 


tiSa.ntnnror(B  Onhk-nen  in  [U  lutnnl  podUon,  wbem,  oofng  to  the  tiriMIlu  ol 
tlH  iabiint  onrj.  the  uteriot  or  Inferior  p«t  ii  ibore  mil  tho  poiMrior  befow 
■,s.a,Rpr>«iitthc  enter  pirtaDrtlupsriulUi  Of  pftKli;  t, ».  thii  Utsnl  pcUli , 

K    ^'ilinWiellimi,  proloiurpd  bfihlndat  the  ^""' ■""  "" 

^xa  Smmd-filu  (/thcluwer,  irithtlu  wtaf  r< 


TIamv  at  Larula:  b,  the  S-n«qni  avlr  pniuth,  innamidiDi  (ii  hrpoRTOsai 
H  BBd  ■  mini  t-earatnA  i«il  with  •  liiwl"  "jl*  ""  throo  BigiiiM. 
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Ferianth  of  Palmi.— The  periwith  of  the  F&lms,  of  Juncacere  ffig 
210),  and  othnr  MitnocotYledonB  i«  composed  of  »cale-iike,  fleshy  or  njem 
braDOua  orgaus,  either  free  oi  confluent,  ftpproacbing  to  the  couditioi 
found  in  the  Qlumifune. 

Konocblamydeotit  Perianth. — The  perianth  of  the  Mono- 
cblamydeous  Dicotyledons  Js  very  varied  in  form,  texture,  aut 
colour.  It  may  be  gamophylloui  or  polyphylhvx,  and  then  rfgulai 
(fig.  211)  or  irregular  (fig.  212),  and,  moreover,  prfoioirf  or  »<?Mifc''' 
It  is  reduced  to  the  lowest  state  in  the  Poplar  (fig.  213),  where  il 
is  a  mere  membranous  cup ;  and  it  is  absent  in  the  allied  ^nu! 
Salix,  as  also  in  tbe  Aeh  (fig.  214),  which  are  therefore  adtlauty 

Jig.  211. 


Fig.  213. 


,  , '-fiwri«nthof.4r 

)f  the  Poplur: 

Dop.4luped  p«riuth. 

A  mmophyllous,  coloured,  regular  perianth  exists  in  Thymelscete 
{Daph«ey,  u)e  dull-coloured  gamophjlloua  perianth  of  AritMochia  is 
inegiilar  (fig,  313J,  Tbe  gamopbyllous  sepaloid  perisuths  of  Uhmi  ami 
CattatKa  (flgs.  2lo,  216)  kc.  we  regular ;  the  polyphvUoua  sepaloid  pe- 
rianth of  Urticaceee  is  also  reguUr.  In  Pdygottum,  the  regular  gamo- 
phyllous  perianth  is  partially  petaloid,  while,  in  the  same  ivder,  Axmer 
and  Sltaim  have  a  double  circle  of  unequal,  wholly  sepaloiij  o^aos. 

Oltimaceoiu  Ferunth.— The  perianth  of  the  Qlomiferous  Mono- 
cotyledons requires  special  mention. 

In  the  Grasses,  as  already  mentioned,  the  flowers  are  borne  in  tpikdtU, 
associated  in  apihes,  or  panicles.  A  spikelet  of  the  Oat,  for  example 
(fig.  217),  exhibits  at  its  base  a  pair  of  green  membranous  bracts,  tbe 
gtumn  (a,  a)  more  or  less  enclosing  all  ^e  inner  parts :  these  are  r^rded 
OS  bracts,  at  tpaAea;  and  within  them  are  found  one,  two,  or  mtafi 
flowers.  The  flowers  succeed  one  another  alternately  on  a  radiU;  tp" 
each  is  invested  by  a  bract  resembling  the  glumes,  cslled  ^ejlovrr^ng 
gbime  or  tbe  outer  palea  (figs.  217-210,  b) :  within  this  is  an  inaer  seals 
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Wked  *t  tb«  top,  and  often  with  two  distinct  prindpal  ribs;  heiiM  it 
-•  :rinrfitd  u  composed  of  two  confluent  scnJeB.  Thin  is  called  the  palen 
-- 1^  iuKT  paka.     These  scalea  often  bear  a  projecting  bristle  {awn. 


ipolc  ik  the  ChfMnat  (( 


nAi)  at  the  top  or  on  the  hack  (fls.  218,  ft*).  Within  the  pole  (fig.  S19) 
amtwo  or  in  Bome  OnwaM  three-Uttle  hjpogynouB  scalaa  {hdieida,  x,  x), 
OTUpondiiig  to  petftls ;  uid  to  them  succeed  the  atamena  tmd  pisnt. 


ii,glnBieii  t,h[be  BoireriDg  iluniMca 

uid  opened:  ^disoiitcr»]e(«ith«BftwnA' 

„ „ 1  Witt  the  onter  fmie  remcBd :  *,  the  innei 

Ibt  laAn/v  or  hfpogrnoDi  tairt  ivprrsFiititiB  the  petals,  « 
--'-' — ■■■-  --  ' -»ble ftmthered itifii 


"i'sr^ 


'  ^jyVT^"^**  scidea  a«e  three  in  Dumber  in  Stipa,  reatoring  the  lym- 
■    The  upper  glume  ia  aometimea  abortive,  aa  in  LoUum,  while  ii 


TbehTp 
■nrx.   T         .,      „ 

Xtrin  both  »re'  abeent.     In  Alopecvrus  only  one  pale  ie  developed.    The 
^■hJ«t  often  contains  one  or  more  imperfect  flowers. 

Tb  pmantli  of  Cjyettaea,  where  it  exute,  preaenta  a  still  nmpler 
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condition,  analogous  to  that  in  the  AmentiferooB  Dicotyledoosy  and  ii 
some  cases  is  abortive.  In  Seirjnu  (fi^.  220^  it  consists  of  a  circle  oi 
bristles ;  in  JEricphorutn  it  is  a  tuft  of  hairs,  which  g^ow  out  into  a  ''  lock  * 
of  cotton  as  the  fruit  ripens.    In  Carex  (fig.  221)  there  is  an  uzoeolate  o] 

Rg.  220. 

Rg.  221. 


i 


Fig.  220.  Flower  of  Seirfua,  the  enestial  organs  sorromided  hj  a  cirde  of  brisHea 
Fig. 321.  Female  flower  of  Cartx'.  a,  the  perigywum^  or  perianth,  in  the  axil  of  a  bract; 
&,  the  tabular ^«r^0|riM«ifi  oat  open  rertioallj,  to  ahow  how  it  ■onroonda  the  pistil. 

inflated  tubular  perigymum  or  utrictdus  surrounding  the  pistil  of  the 
fertile  or  female  flower,  which  stands  in  the  axil  of  a  bract,  and  which  is 
itself  comnosed  of  the  union  of  two  scales  or  bracteoles.  Cypenss,  CUt" 
dium,  &c.  nave  the  essential  organs  naked  in  the  axil  of  a  bract. 


Sect.  0.  The  Essbhttial  Obgai^ s  of  Elowebs. 

The  essential  organs  of  flowers  consist  of  an  androgciwn  or  as- 
semblage of  stamens,  and  of  a  gyncecium  or  pistil  consisting  of  earptls 
with  their  contained  ovules.  The  androeciam  and  the  gvnsciuiii 
are  both  present  in  ^perfect  flowers,  although  these  latter  maj  be 
incomplete,  from  the  absence  of  floral  envelopes.  In  diclinmis  or 
unisexual  flowers  the  stamens  or  pistils  exist  alone,  and  the  flowers 
are  consequently  imperfect. 

Organs  morphologicaUy  intermediate  between  petals  and  stamens  occur^ 
not  only  normally,  as  in  the  flowers  of  Nymphmay  but  such  structures  are 
very  common  in  monstrous  double  flowers,  bearing  anthers  or  polliniferous 
lobes  upon  the  borders  of  petals.  The  morphological  connexion  is  also 
kept  up  by  the  existence  or  sterile  filaments  or  stamen-stalks,  which,  lilce 
the  filaments  of  perfect  stamens,  may  exhibit  a  petalM  character. 

In  monstrous  flowers  sometimes  imperfect  organs  present  themselves, 
partaking^  of  the  outward  characters  both  of  stamens  and  carpela. 

The  Diflk. — Abortive  organs,  referable  either  to  the  coroUine  or  the 
staminal  circles  or  excrescences  there&om,  have  been  already  refeired  to; 
but  it  is  desirable  to  notice  more  particularly  the  condidons  of  those  struo- 
tuzes  which  are  commonly  described  under  the  name  of  disk  (see  p.  100). 
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Tk  amflBBt  state  is  that  of  one  or  more  glandular  papillae  upon  tlie  recep- 
*jt^9A  in  the  Crucifene.  In  the  Crasaulacess  {Sedum, 
hemperdimm)  we  find  a  circle  of  glandular  bodies  Fig.  222. 

cjade  the  carpels  and  between  these  and  the 
tiaens.  In  Cobaaf  the  Vine,  and  other  flowers 
tieie  is  a  five-lobed  hypogrnous  disky  the  stamens 
Usf  inserted  outside  or  between  the  lobes.  In 
Cirm  {6g,  222)  the  disk  forms  a  perfect  ring  round 
ts  oTuj.  In  GiiuUhena  there  is  a  double  circle  of 
Kales  between  the  stamens  and  the  ovary.  On  the 
c6a  handy  in  ytnca  there  are  two  glands,  alter^ 
nQog  with  the  two  carpels  of  the  oyaiy.  The  study 
rfiije*  structures  is  very  interesting  in  regard  to  the  Yiower  of  curu,  with  the 
Reaction  of  irregular  flowers  to  regular  types.  Some  petals  and  stameiis  re- 
ef Iks Btnietures  are  rudimentary  petals  or  stamens ;  SiS^'and'ttT SnvSiJ 
tad  in  other  cases  they  are  referable  to  developments    diak   sarroiindiag  the 

rf  the  reoeptade  or  torua  itself  (p.  100).  ovary.    In  this  oaee  the 

'  vr  y  ^g](  ,g   mi   ontgrowth 

from  the  reoeptaole. 

The  Andraeeium, 

The  Stamexis  taken  collectively  form  the  Andrcecium.  The 
essential  character  of  a  stamen  is,  that  it  is  that  organ  in  which 
V8  formed  the  j^lUn-ffrains,  the  bodies  by  means  of  which  the 
fertilisation  of  the  ovules  is  effected.  A  completely  cfeveloped 
vxanesL  (fig.  223)  exhibits  two  principal  regions,  the  filament  or 
^  (a),  corresponding  to  the  petiole  of  a  leaf,  or,  as  Clos  thinks, 
to  the  midrib  of  a  petal ;  and  the  anther  (6),  corresponding  to  the 
i^  of  a  leaf.  The  anther  is  a  hollow  case  containing  pollen,  and 
s  therefore  the  only  essential  part  of  the  organ :  the  tilament  may 
be  wanting  or  merely  rudimentary ;  and  the  anther  then  remains 
Ma^,  like  a  leaf-blade  when  the  petiole  is  not  developed.  The 
sonnal  position  of  the  stamens  is  between  the  petals  and  the  pistil ; 
ocfa  stamen,  under  ordinary  circumstances,  intervenes  between 
two  petals  or  is  alternate  with  them,  and  therefore  superposed  or 
opp(»ite  to  a  sepal.  In  Naias  and  Typha  it  is  supposed  that  the 
itamen  is  axial  and  not  foliar. 

The  base  of  the  filament,  or  of  the  so-called  sessile  anther,  is  usually 
''^xdiM  to  the  receptacle  when  these  organs  are  free]  but  this  con- 
^itioa  is  more  or  less  disguised  when  the  stamens  are  adherent  to  or  inse- 
piate  from  the  calyx,  corolla,  or  ovary. 

StamJiodes  or  sterile  filaments,  i.e.  such  as  are  devoid  of 
Httbers,  occur  in  many  flowers  in  regular  circles ;  and  not  unfre- 
qoently  one  or  more  stamens  exist  in  this  condition  in  im- 
symmetrical  flowers.  Sometimes  these  staminodia  are  reduced  to 
loere  scales^  as  in  the  odd  stamen  of  Scrophularia  (fig.  224),  or  to 
gluidiilar  papillffi,  as  in  the  flowers  of  many  Crudf era?. 
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Filament. — The  filament,  in  its  usual  condition,  is  a  slende 
threacl-like  stalk  to  the  anther,  and  in  this  state  is  t&naeS.  Jilifom 
Sometimes  it  is  almost  hair-like,  and  incapable  of  supportiug  th 


Fir.  223. 


Fig.  225.       Fiff.  22a 


Fig.  224. 


Fig.  223.  A  Btamen  :  a,  the  fUunent;  ft,  the  anther. 

Fig.  224.  Corolla  of  SeropkMlaria  laid  open,  showing  the  four  didTnamocui  Btameiui  aad  the 

posterior  barren  one*  or  staminode. 
Fig.  225.  Ptamen  of  Allium^  with  a  trifid  filament. 
Fig.  226.  Stamen  otPouit  ^putdr^fotia  with  prolonged  oonneetiTe. 

weight  of  the  anther,  when  it  is  capiUary,  as  in  the  Grasses ;  while 
it  is  still  more  frequently  thick  at  the  base,  diminishing  gradusH/ 
upwards,  so  as  to  become  awUshaped  or  subulate.    In  a  few  in- 
stances (  Urtxca)  it  is  monilifomi,  or  like  a  row  of  beads.     In  other 
cases  it  is  more  or  less  expanded  into  a  petaloid  condition,  as  in 
Erodium ;  in  Campanula  it  is  expanded  in  this  manner  at  the  bane. 
Omithogalum  has  the  filament  dilated  in  this  wny  throughout. 
The  dilated  filament  sometimes  exhibits  divisions  :  in  Crambe  it  is 
forked  at  the  summit,  the  anther  standing  on  one  point ;  in  Allium 
(fig.  225),  Alyssum  cdlydnum,  Omithogalum  nutans,  &c,  the  fila- 
ment terminates  in  three  teeth,  the  middle  one  bearing  the  anther; 
and  in  AUium  sativum  one  of  the  lateral  teeth  forms  a  kind  of  tendrzi. 

Branched  Stamens. — In  some  plants,  as  in  Mallows,  some 
Myrtaceae,  Hypericum,  &c.,  the  stamens  are  very  numerous  and 
are  arranged  in  fascicles.  The  study  of  the  development  of  these 
fascicles  shows  that  they  are  originally  single  organs,  which  become 
subsequently  divided  or  branched,  so  that  the  fascicle  of  stamens 
in  such  a  case  may  be  compared  to  a  divided  or  compound  leaf. 
Some  of  the  divisions  may  be  petaloid  and  sterile,  others  anthen- 
ferous. 

Appendages  of  other  kinds  are  also  met  vrith,  such  as  a  pair  of 
glandular  processes,  standing  like  stipules  near  the  base,  in  LaU" 
race®  (fig.  233),  a  single  spur  in  Bosemary ;  while  in  Borago  the 
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tiament  appears  to  arise  on  tbe  face  of  a  scale-like  body,  and  in 
^^ba  and  Larrea  it  stands  at  the  back  of  an  analogous  scale. 

Tlie  scale-like  oigans  situated  at  the  baAe  of  filaments,  or  connected 
vnh  iaecides  of  stamens  (Tiliacea),  are  by  some  regarded  as  furnishing 
'iid«;nce  for  the  doctrine  of  charins;  but  thej  are  more  probably  merely 
krren  lobes  of  compound  stamens. 

TheAsther — ^ite  parts. — The  anther  has  a  typical  form,  which  is 
stbiect  to  very  great  modification  in  different  cases.  It  corresponds 
tothe  microsporanginm  of  some  of  the  higher  Cryptogams.  A  regular 
intber  (fig.  223,  6)  is  an  oblong  body,  divided  perpendicularly  into 
TTo  loUs;  the  division  is  usually  marked  by  a  furrow  on  the  face^ 
uul  a  ridge  on  the  hack  (or  dorsum).  The  central  region,  which  is 
Mid  and  represents  the  midrib  of  a  leaf,  is  called  the  connective ; 
the  hf>e*  are  hollow  dilatations  of  the  Lamina,  and  contain  the 
l')lUn.  At  each  border,  usually  rather  toward  the/ac«,  is  often  to 
'« seen  a  vertical  line,  called  the  suture,  indicating  the  place  where 
ne  class  of  anthers  split  open  to  discharge  the  pollen. 

Attachment  to  the  Filament. — The  anther  is  attached  to  the 
fkiDent  in  several  ways  :  if  the  filament  runs  directly  without 
intcmxption  into  the  base  of  the  connective,  like  the  stalk  of  an 
onlinary  leaf,  it  is  said  to  be  innate  or  hoBifixed ;  if  the  filament 
nm^  up  the  back  of  the  anther  as  it  were,  so  that  the  latter  is 
pore  or  less  free  at  the  base,  the  anther  is  adnate  or  dorsifixed ; 
it  the  filament  is  attached  by  a  slender  apex  to  about  the  middle 
'^  the  back  of  the  anther,  the  latter  is  versatile.  In  some  cases 
tbe  anther  is  pendulous  from  the  apex ;  it  is  then  sometimes  called 
^jmfixtd.  In  the  Tulip,  the  capillary  point  of  the  filament  runs 
<^p  into  a  conical  pit  in  the  base  of  the  connective. 

lodifieations. — ^The  modifications  of  the  anther  result  from  various 
auses— from  development  of  the  connective,  from  the  presence  of  ap- 
p^flda^  from  variation  of  form  of  the  anther-lobes,  and  from  special 
t^nditioas  of  the  internal  cells ;  and  there  are  also  important  difierences 
a  the  numner  of  bursting,  or  defUscencey  for  the  discharge  of  the  pollen. 

The  Oomkective. — The  connective  is  normally  a  solid  rib,  running 
up  the  middle  of  the  anther.  If  the  lobes  of  the  anther  extend 
Gpward  or  downward  beyond  it,  the  summit  or  base  of  the  anther 
^w  both)  becomes  emarginate.  On  the  other  hand,  the  summit  of 
tje  connective  is  prolonged  in  a  membranous  form  in  Viola,  and 
al«)  m  the  CompositaB.  In  Paris  {^g,  22Q)  the  apex  is  lengthened 
iQto  a  point,  also  in  AMrum,  Magnolia,  Sec, ;  in  Xylopia  into  a 
lieshv  mass ;  in  the  Oleanders  into  a  feathered  process,  &c.  In 
^0  of  the  stamens  of  Viola  the  base  of  the  connective  has  petaloid 
spur-like  appendages ;  and  still  more  remarkable  states  occur  in 
tbe  Melaatomacefle!. 
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At  other  times  tlie  connective  expands  transyenely,  ao  that  the  Idhe 
become  more  or  less  separated ;  in  audi  cases  it  may  be  ooaie,  orhictUary  «&c 
(MeUssOy  the  Lime-tree,  &c.).  This  is  especially  the  case  with  the  loiw-^ 
part ;  and  examples  may  be  found  illustrating  this  point,  forming  &  seria 
from  the  state  where  the  bases  of  the  lobes  are  but  dightly  separated,  t^ 
that  in  which  they  are  inclined  together  at  the  summit  at  an  ang-le  o 
45°  (  VfUx) ;  or,  further,  the  bases  are  carried  out  and  up  till  they  ar^ 
horizontal,  as  in  Staekys,  Pnmella,  &c ;  while  in  other  instances  thii 
goes  so  far  that  the  connective  grows  out  into  two  distinct  arms  from  thi 
summit  of  the  filament,  bearing  the  solitary  anther-cells  at  the  tips :  ii 
Saivia  (fig  227)  one  of  the  lobes  is  abortive,  and  represented  by  a  petaloic 
plate. 


Rg.  227. 
Fig.  228.  icv  Fig.  229. 


Ilg.  837.  Stamen  of  Salvia  qfileinalis^  with  a  half-anther  containing  pollen  and  the  other  half 
bturren,  aeparatad  bj  the  biAiroation  of  the  oonneotiTe  from  the  gommit  of  the 
filament. 

Fig.  228.  Groop  of  stamens  with  nnoate  anthers,  of  the  male  flower  of  a  Gourd. 

Fig.  229.  Stamen  of  Vaoeinium  ttUginotum,  with  spur-like  appendage  and  porooa  antiien. 

Anther-lobes. — The  lobes  of  the  anther  are  commonly  oblong ; 
in  the  Grasses  they  are  linear ;  but  they  vary  with  the  form  of 
the  connective,  and  are  sometimes  lunate  or  reniform.  In  the 
CucurbitacesB  they  are  remarkably  convoluted  (sinucOe)  into  a  flat 
scroll-like  form  (fig.  228).  Not  unfrequently  they  are  attenuated 
upwards  into  free  points,  as  in  Vaccinium  (fig.  229) ;  in  the  Me- 
lastomaceaB  the  two  lobes  become  confluent  into  a  tubular  process 
at  the  summit ;  while  appendages  are  occasionally  met  with  at  the 
base  of  the  lobes,  as  in  Erica  (tig.  230),  &g. 

Anther-locnli. — ^The  lobes  of  most  anthers  exhibit  internally 
four  cells  {thecce  or  loeuli)  in  the  early  stages  of  development,  each  lobe 
being  divided  into  two  by  the  septum  extending  from  the  connec- 
tive to  the  suture  (fig.  231).  The  septum  (the  placentaid  of  Chatin) 
is  more  or  less  destroyed  during  the  maturation  of  the  pollen  in 
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,  leaTing  the  anther  two-^seUed,  or  hilocular  (fig.  232). 
b  flome  cuee  the  internal  substance  of  the  connective  is  likewise 
i&sorbed,  prodaciDg  a  true  uniloeular  anther,  as  in  Alchemilla  and 
iL  Mahracee.    In  other  cases  the  four  cells  are  retained  perfect, 


Fig.  290. 


]F1g.  281. 


Fijr.  288. 


Fig.  282: 


StMiifH  of  .&ieo  einerea. 

BeetioB  of  an  anther.  iU  two  lobes  still  divided  into  two  eells  by  the  tepta  reaching 

frooB  the  oonnectiTe  to  the  »iUur0§. 
BeelioB  of  a  bilocolar  anther  (the  septa  hare  been  absorbed). 
Bismea  of  XowriM  ArtM>»  having  a  4-oeUed  anther  with  operonlar  dehlsoenoe,  and 

two  lobes  aft  the  base  ot  tiie  filament  representing  diTisions  of  a  oompoQnd 


M  in  the  ^lUMf r»2oeu2ar  anthers  of  Butamus,  where  they  are  parallel, 
tod  of  some  LaiiracesD,  where  thev  become  oblique  so  that  the 
nmmits  are  all  turned  towards  the  face.  The  dimidiate  vuiilocular 
sntben  of  Qampkrena  and  Salvia  are  so  called  from  being  only 
blves  of  anthers  in  which  one  lobe  is  abortive  or  suppressed. 
iBomalous  one-celled  anthers  occur  in  Polygala,  The  unilocular 
Jtenl  anthers  of  the  diadelphous  stamens  of  Fumariaces  are 
^mdiaie. 

Mdacenee. — ^When  the  anthers  are  mature,  the  cells  or  loculi 
cpen  and  discharge  the  pollen.  This  dehiscence  takes  place  in 
<lif erent  ways ;  it  may  be  'sutural^  porous^  or  opercular.  Sutvral 
^^HBcence  is  the  opening  of  the  walls  by  splitting  down  vertically 
«t  the  sutures,  which  may  be  extrorse,  introrse,  or  lateral  (see 
p.  126V  A  transverse  slit  is  formed  in  the  unilocular  anther 
of  AldiemUJa,  in  Lavandula,  and  in  Lemna,  Porous  dehiscence 
u  where  definite  orifices  are  formed  at  some  point  of  the  wall 
Gi  the  locuhis,  as  at  or  near  the  summit  in  Solanum,  Ericacese 
(ngB.  220, 230),  Ac.  Opercular  dehiscence  results  from  the  partial 
^puitioii  of  a  portion  of  the  wall  of  the  loculus,  in  the  form  of 
•kind  of  lid,  as  m  the  Berberry,  where  the  front  of  each  cell  splits 
^  «t  the  tides  and  base,  and  turns  back  as  if  hinged  at  the  top. 
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In  the  LauraceaB  (fig.  233)  we  find  either  two  or  four  little  lida  of 
this  kind,  opening  the  two  or  four  cells  of  the  anthers. 

If  the  anther  be  considered  the  equivalent  of  a  leaf  with  infolded 
margins,  then  the  groove  between  the  two  lobes  would  repreaent  the 
margins  of  the  leaf;  but  there  is  reason  to  suppose  that  no  sucn  infolding 
really  occurs,  but  that  two  poUen-sacs  are  formed  on  either  aide  of  the 
connective  without  any  involution  of  the  margin. 

Stamens  of  OynmospermB. — ^The  stamens  of  the  Gynmospermia 
present  remarkable  conditions,  which  require  separate  notice. 

Among  the  Conifewe  (see  that  order])  the  stamens  of  Pinua  constitute  the 
entire  male  flowers,  and  are  conjoined  into  male  cones,  each  anther  forminj]^ 
a  scale  of  the  cone ',  they  are  bract-like  plates,  bearing  on  the  lower  &oe  two 
parallel  anther-lobes  (bursting  longitudinally  or  irrepilaily),  beyond 
which  the  connective  extends  more  or  less  as  a  scale-like  process.  In 
Cupressus  the  form  of  the  anther  is  ezcentricallv  peUaU,  the  lobea,  three 
or  four  in  number,  standing  under  the  overhanging  connective ;  and  it  is 
similar  in  Juniperus  and  Thufa,  In  Taxus  the  peUate  connective  ia  more 
symmetrical,  and  radiately  grooved  above,  having  from  three  to  eight 
vertical  anther-lobes  beneath :  some  authors  regard  this  as  a  g^up  of 
monadelphous  stamens. 

In  the  OycadacesB  (for  illustration  see  that  order),  where  the  anthers  are 
scattered  in  large  numbers  over  the  lower  face  oi  the  scales  of  the  male 
cones,  they  occur  mostly  in  the  form  of  groups  of  four  simple  anther-lobes, 
with  longitudinal  dehiscence  and  arranged  in  the  form  of  a  cross.  These 
are  mostly  described  as  parcels  of  unilocular  anthers. 

Hmnber  of  the  Stamens. — The  stamens,  taken  collectively, 
present  a  number  of  characters,  which  have  received  technical 
names.  The  number  of  stamens  in  a  flower  is  indicated  by  the 
terms  moii^androuSj  di-androuSy  &c, ;  when  more  than  twelve  exist, 
the  term  poly-androus  is  employed.  Upon  the  number  of  the 
stamens  the  Linnean  classification  was  partly  founded.  When 
the  number  of  the  stamens  is  equal  to,  or  some  multiple  of,  the 
number  of  petals  in  the  corolla  &c.,  the  flower  is  isostemonous ; 
when  the  number  is  different  (as  in  Scrophulariaceae  Ac.)  the  flower 
is  anisostemonous.  When  there  is  one  whorl  of  stamens  in  the 
normal  position,  the  term  haplosteinonous  is  employed;  diptostf- 
monou^  is  used  where  there  are  two  whorls,  and  obdiplastemonara 
where  there  are  two  rows  of  stamens,  the  outer  superposed  to  the 
petals. 

BelatlTe  length. — Two  cases  of  inequality  of  length  of  the 
filaments  are  distinctly  named,  viz.  the  didynamous  condition 
(figs.  234  &  235),  when  there  are  two  pairs  of  stamens,  one  pair 
longer  than  the  other,  characteristic  of  many  irregular  Monope- 
talous  flowers  (Labiatie,  ScrophulariacesB,  &c.) ;  and  tetradynamoui 
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),  iHieQ  there  are  four  long  stamens  and  two  short  ones, 

ic  of  the  Cnicifens.    When  the  stamens  are  of  unequal 

n  m  ihe  same  flower,  or  in  different  dowers  of  the  samo 

w  (e.ff.  Primrose),  the  condition  is  called  dimorphic,  and  has 

•aee  to  the  mode  of  fertilization  to  be  hereafter  mentioned. 

Hm  term  vtelttded  is  employed  to  denote  that  the  stamens  do 

xA  mch  beyond  the  ooraila ;  exterted,  that  they  are  protruded 

iron  it;  while  deelinatt  means  that  the  eiserted  stamens  are  all 

nrred  orer  to  one  side. 

CtAmon,  etc. — ^The  stamens  are  subject  to  apparent  confluence 
r  eoliesitin,  like  the   other  organs.     If  the  iilamenta  are    only 


Fig.  254. 


Kg.  236. 


pen  w  ihow  tbe  didjuumai 

-^ :  UijtioU*.  l»id  mwn  (o  ihow  Iho  didjrMmooi  r 

rt^B*.  TttndjiumouiBuiuniefUia  WtUflmrsTKnoimduig' 

putidtf   separated   so   that   they  form  a  tube  surrounding  the 
Fiff.23S. 
Fls.237.  Kg.  340. 

Fig.  239. 


t.  QroaH-.plHi  of  ft  PApilioDAoeooi  flowAF  wtth  dUd«lphcKif  ■< 

littla  onlca  noad  th<  loUMij  aupal). 
1.  tnOaliiiom  or  p^jradilptuiiu  iMiiudi  of  Bffrimm  mgfpHaa 
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style  (or  a  column  in  a  stamiiiflte  flower  of  k  diclinoaB  plan) 
(fig.  228),  the  stamens  are  monadelphous  (fig.  237),  as  in  Malvacei 
Camellia,  Ac.  In  Fumsriacefe  they  are  coherent  into  two  eqtu 
parcels,  while  in  many  Leguminosie,  of  ten  stamens,  nine  are  unite 
together  and  one  free :  these  states  are  called  diaddphoua  (figi 
238  &  239).  In  HyperieacesB  we  hare  triadtlphout  (fig.  240)  an 
pentadelpltotu  states  ;  but  these,  as  also  the  state  in  Aurantiaco 
and  various  Myrtacets,  are  generally  denominated  poli/attelpfunu 
and  are  instances  of  branched  s*^amens  (p.  120). 

Sff>igenenou3  signifies  that  the  filaments  are  free,  but  the  anthet 
coherent  (fig.  241),  as  in  Ck>mposit(e  and  Lobeliacec  Oyttandrou 
indicates  confluence  of  stamens  and  pistils,  such  as  occur  i: 
Orchidaceffi,  Asclepiadacece,  ArittolocfUa,  Ac.  (flg.  242).  Thes 
t«rm8,  t<^ther  with  those  descriptive  of  atOution  (periftfiunu 
tpiijynout,  &c.),  have  already  been  explained,  as  also  the  meaning  a 
the  words  moweeioua,  diatiotu,  &c. 


Fig.  241.  Kg-  242.  Fig.  243. 


•hcuh  :  t.  th> 


Fig.  lit.  di 


Direction  of  Anthers. — Usually  what  is  called  the  face  ot  the 
anther  is  turned  inwards  towards  the  ovary,  and  it  is  then  said  to 
be  introru :  but  sometimes  the  reverse  state  exists,  and  the  face  is 
turned  towards  the  floral  envelopes,  as  in  Sanutiealua,  Coldiicum, 
Ac.,  when  the  anthers  are  termed  M^orse.  Frequently  the  direc- 
tion changes  during  the  expansion  of  the  flower,  as  in  versatile 
anthers.     (See  also  under  Dehiscence,  p.  123.) 

Pollen. — The  pollen,  discharged  from  the  anthers,  consists  in 
almost  all  coses  of  a  fine  powder  composed  of  microscopic  grains 
or  cells  corresponding  to  the  mierotporet  of  the  higher  Cryptogams; 
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tbe  fonn  and  sppeanmce  of  the  grams  vary  much,  and  will  be 
fpdken  of  hereafter.  The  pollen  of  the  Asclepiadaceee  and  Or- 
coidacee,  however,  has  a  great  peculiarity,  in  remaining  perma- 
neotlj  coherent  into  masses,  often  of  a  waxy  character.  In 
Ufchldsceie  the  pollen^masses  or  polUnia  are  either  single  in  each 
loculusof  the  anther  (as  they  are  in  AsclepiadacesB),  and  then 
often  furnished,  as  in  Orchis  &c.,  with  a  stalk-like  process,  called 
the  eaudieU  (fig.  243),  terminating  in  a  gland-like  base  (retinon 
rs/«m)y  by  which  they  readily  adhere  to  the  stigma  or  to  foreign 
bodies,  such  as  insects ;  or  the  pollinia  are  two  or  four  in  each 
Vieuliia,  and  devoid  of  a  caudicle ;  sometimes  the  pollinia  are  nume- 
roos,  and  form  merely  a  loose  granular  mass. 

The  external  characters  of  the  poUen-graiDS,  their  structure,  and  sub- 
Mcent  history  will  be  treated  of  m  the  Third  Part  of  this  work,  as  they 
'>btig  to  the  microscopic  anatomy  and  the  Physiology  of  Plants.  The 
f.^m  of  the  pollen-grams  is  generally  constant  in  the  same  plant ;  but 
rcsftt  Tariations  are  often  found  within  the  limits  of  Natural  Orders  and 
v-oit^timea  in  the  same  genus,  so  that,  excepting  the  OrchidacesB  and 
Afi:lepiadacee,  and  a  few  other  groups,  they  are  not  to  be  relied  on  as 
afording  any  very  useful  characters  in  Systematic  Botany.  Their  size, 
f  fm,  and  numbers  are  apparently  in  relation  to  their  mode  of  dispersion 
It  the  wind  or  by  insects. 

The  QyncBcium  or  Pistil, 

Gurpeb. — ^Tbe  central  essential  organs  of  flowers,  composing  the 
^iitil,  consist,  like  the  outer  parts, 
of  pk^Uames  or  modified  leaves ;     ^fiT-  244.    Fig.  246. 
4tte  constitaent  leaves  are  called 
fvpels.    The  peculiar  character 
<jf  a  carpel  is,  that  it  produces 
^^r^des^  the  rudiments  of  the  seeds 
—usually  upon  the  margins,  but 
^iflionally  on  other  parts  of  the 
bremal  surface.    In  the  Gym- 
to^nnia  these  ovules  are  deve- 
^^  upon  the  edges  or  surface 
of  expanded  carpels.    In  the  An- 
^oRpennia,   comprehending    the 
rat    majority     of    Flowering       ^^ 
(bats,  the  carpels  are  folded  up,  Fig.  2u.  simple  pistil  of  Pru»u§,  oonsMiig 
•nther  BH^ly  (fig.  244)  or  collec-      ^£.7^.  SgJ^'  •.  the  o«irr ;  •,  the 

^*^elj,  with   the  margins  turned    Fig.  345.  The  eune,  opened,   to  diow  the 

awastopkcetheovulesinthe  v^Ti'^tci^J^lSS^not  the  «^  of 

^terior  o£    a  hollow  case.      The       ?V«jrti#,  ehowiDg  that  the   omle  Arises 
Ma<^  i.L        £  J  1     •        xi.  from  the  plAoentft  At  the  conflaent  maniiui 

^^thuB  formed,  enclosmg  the      of  the  cupel. 


Fig.  240. 
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ovules^  is  caUed  the  ovary  (figs.  244  &  245,  a,  a') ;  the  npper  part 
of  the  carpel  is  frequently  attenuat'ed  into  a  slender  oolunm  called 
the  style  (c),  at  the  extremity  of  which  is  a  terminal  glandular  oritice 
or  stigma  (6,  6),  the  borders  of  which  are  often  more  or  less  thick- 
ened or  developed  into  processes  of  various  kinds.  Sometimes  the 
stylar  prolongation  does  not  exist ;  and  then  the  stigma  is  sessile 
upon  the  ovary. 

The  pistils  are  undoubtedly  formed  of  carpels  (carpellary  leaves)  ia 
most  instances.  In  some  cases  thev  appear  to  be  formed  by  an  expansion 
of  the  receptacle  or  axis  of  the  dower^  as  in  Typha  and  Nttitu ;  while 
their  structure  and  venation  are  in  some  cases  neither  those  of  a  leaf  nor 
of  an  axis,  but,  as  it  were,  intermediate  between  the  two. 

Phyllody- — The  foundations  of  the  doctrine  that  the  carpels  are 
metamorphosed  leaves  rest  upon  a  very  wide  basis.  The  followinj^ 
observations  include  examples  of  some  of  the  most  important  cla^'^'S 
of  proofs: — 1.  The  carpel  ordinarily  possesses  more  of  the  character 
of  a  true  leaf,  as  regards  texture  and  colour,  than  the  stamens  or  petaU 
— approaching  to  the  sepals,  which  we  have  seen  to  pass  insens^iblv 
through  the  bracts  into  ordinary  leaves.  The  resemblance  is  sometimes 
heightened  during  the  development  of  the  fruit,  as  we  see  in  the  legumes 
of  some  species  of  Cassia^  and  still  more  in  the  bladder-like  pod  uf 
Colutea,  2.  Abundant  examples  exist  of  the  substitution  of  petals  for 
stamens  and  pistils  in  abnormal  flowers;  and  an  almost  equally  common 
monstrosity  consists  In  the  substitution  of  isolated  stunted  green  leaves  for 
the  carpels.  In  the  Double  Cherry,  cultivated  in  shrubberies  for  the  sake 
of  its  blossom,  the  stamens  are  generally  replaced  by  petals,  while  the 
centre  of  the  flower  is  mostly  occupied  by  a  pair  of  green  leaves.  (The 
single,  fertile  Cherry  frequently  nas  two  pistils  developed  instead  of 
one.)  In  a  common  monstrosity  of  the  White  Clover,  the  pod  is  usually 
replaced  by  a  more  or  less  perfect  green  leaf;  the  same  occurs  in  garden 
Koses,  wliere  tufts  of  green  leaves  replace  the  pistils;  and,  in  hci, 
examples  of  this  kind  are  very  abundant  3.  The  more  or  less  stunted 
green  leaves  which  represent  the  carpels  in  the  above-mentioned  mcNDst«» 
nequently  exhibit  on  their  margins  structures  varying  in  character  from 
almost  perfect  rudiments  of  ovules  to  cellular  papillse  and  leafy  lobuks. 
This  is  observed  in  the  monstrous  Clover,  and  has  been  especially  remarked 
also  in  monstrous  flowers  of  cultivated  (forced)  Tulips,  of  various  Cruci- 
fene,  Kanunculacess,  Scrophulariacese,  &c.  The  abnormal  conditions  in 
these  cases  are  analogous  to  the  normal  condition  in  Conifers^  and  Cyca- 
dese,  the  Gymnosperms,  where  the  ovules  are  always  naked  on  open 
carpels.  4.  The  production  of  ovules  on  the  margins  of  carpels  is  analo- 
gous to  what  is  seen  in  the  development  of  adventitious  buds  on  vegetative 
leaves,  as  in  BryophyUuniy  &c.  Such  buds,  however,  occur  sometimes  on 
the  upper  surface  of  leaves ;  and  we  And  some  carpels,  as  in  SympkaUf 
ButomuSf  &c.,  with  ovules  developed  more  or  less  extensively  over  the  in- 
ternal face.  6.  The  disposition  or  arrangement  of  the  vascular  bundles 
is  usually  that  of  the  leaf,  not  that  of  the  branch.  6.  The  structure,  de- 
velopment, and  mode  of  growth  generally  are  those  of  the  leaf  and  not 
of  the  branch.    Exceptions^  however,  occur  to  the  last  two  atatementa 
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PbeeniSy  Sotores. — The  region  of  the  carpel  whence  the  ovules 
Mriie  is  called  the  placenta ;  and  when  in  Angiospermous  flowers 
'he  placentas  are  clearly  and  distinctly  marginal,  they  must  of 
■-}urse  be  double^  from  the  uieeting  of  the  two  edges ;  the  same  is 
trae  oi  the  siigmatic  surfaces.  The  line  of  union  of  the  margins 
-j£  carpelB  constitutes  the  ventral  suture :  the  line  corresponding  to 
tiiH  midrib  of  the  carpellary  leaf  is  the  dorsal  suture. 

An  excellent  example  of  a  simple  typical  pistil  formed  of  a  single  carpel 
i«  aiK>rddd  by  th(«  legume  of  the  Leguminosae ;  as,  for  instance,  in  the 
>vael-pea,  where  we  find  the  ovary,  with  a  ventreJ  and  dorsal  suture, 
T..noved  above  into  a  short  slender  style,  terminating  in  a  slightly 
^ijpd  stigma.  When  we  open  the  ovary,  in  the  way  it  is  broken  in 
'I'-iling'  peas  for  the  table,  we  nnd  the  placentary  margins  separated  at  the 
T-^tnd  suture,  each  carrying  away  half  the  ovules^  demonstrating  clearly 
*i^  double  character  of  ^e  placenta^ 

lodifieatioiiB. — Pistils  differ  extremely  in  different  plants,  from 
disdmilarity  in  the  number,  degree,  and  mode  of  union  of  the  car- 
pl«,as  well  as  in  the  relative  degree  of  development  of  the  different 
rt^'ons  of  the  carpels,  and  with  these  may  be  associated  the  pecu- 
unties  arising  from  adhesion  of  the  outer  circles. 

Ivmerical  relation. — The  number  of  carpels  is  most  frequently 
'^5  than  that  of  the  organs  in  the  outer  whorls,  being  very  fre- 
,utntlv  reduced  to  two,  and  often  to  one.  On  the  other  hand, 
laltiplication  of  the  number  is  met  with  in  certain  Orders,  where 
•oe  receptacle  is  generally  more  or  less  enlarged  to  make  room  for 

A  large  portion  of  the  Gamopetalous  Dicotyledons,  with  a  quinary  ar- 
aa;:ement  of  the  calyx  and  corolla,  and  often  of  the  stamens,  have  dicarpel- 
aT  pi^ls,  as  Gentianacefe,  Apocynaceas,  Solanacefie,  &c.  Leguminosae 
^'■h  quinary  flowers  have  a  solitary  carpel.  The  agreement  of  the  number 
'^carpels  with  the  other  or;^ans  is  almost  universal  in  the  ternary  flowers 
cf  Monocotyledons,  as  in  LiuacesB,  Iridaceee,  Orchidacese,  &c.  Multiplica- 
-%  of  carpels  is  especially  frequent  in  the  Kanunculacese,  Magnoliacese, 
«ai  some  other  Orders. 

ipocaiponB  PutiL — In  the  typical  pistil  above  described,  and 
Thich  really  exists  in  Leguminosae  (for  instance),  the  organ,  being 
'ompoeed  of  one  carpel  only,  is  simple.  A  carpel  may  be  solitary 
1^  a  flower,  from  suppression  of  the  remainder  of  the  circle ;  or 
•bere  may  be  in  the  same  flower  several  distinct,  t.  e.  uncombioed, 
f^ls,  as  in  Larkspur,  Aconite,  Magnolia^  Ranunculus,  Fragaria, 
^:  in  these  cases  the  terms  multiple  pistils  is  occasionally  used, 
o:  we  may  say  carpels  distinct,  three,  five,  or  numerous,  as  the 
a»e  may  be.  The  term  apocarpous  pistil  includes  both  the  solitary 
*^1  and  the  multiple  pistils.     In  the  case  of  multiple  pistils, 
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where  the  receptacle  is  flat  the  carpels  are  in  whorls ;  but  if  the 
receptacle  is  elongated  the  carpels  are  arranged  spirally^  as  in 
Magnolia, 

SyncarponB  Pistil. — ^Where,  as  very  frequently  happens,  th<» 
carpels  cohere  together,  as  the  stamens  do  in  the  condition  called 
roonadelphous,  a  syneai'pous  or  compound  pistil  is  formed ;  and  as 
the  carpels  occupy  the  apex  of  the  receptacle,  they  do  not  form  an 
open  organ,  like  the  tube  of  filaments  in  McUva  for  example,  but 
a  closed  case,  appearing  externally  like  a  solid  body,  mostly  with 
ridges  and  grooves  on  the  outside,  indicating  its  compound  nature. 

The  union  varies  very  much  in  degree ;  even  in  multiple  pistils  we  find 
the  carpels  sometimes  cohering  strongly  while  voung,  and  separated  onlv 
as  the  seeds  ripen;  and  in  true  compoimd  pistils  the  union  does  not 
alwavs  extend  to  the  summit  of  the  ovarian  region,  as  we  observe  in  the 
SaxirragacesB,  where  the  apices  of  the  ovaries  diverge.  More  frequentlj 
the  ovarian  re^ons  are  firmly  coherent ;  and  then  the  styles  may  he 
wholly  free — Pink,  Silene  (fig.  173),  Hypericum,  &c. ;  or  united  p«t  of 
the  way  up,  as  in  some  Malvacese  (fig.  247) ;  or  entirdy,  but  with  the 
stigmas  distinct,  as  in  Geranium,  Sic, ;  or  the  stigmas  may  also  be  con- 
fluent (Primulaceae,  Solanaceae,  &c.).  Sometimes,  however,  the  styles  or 
stigmas  exhibit  the  reverse  condition^  and  are  split  into  two  parts,  as  in 
the  styles  of  Drosera,  Euphorbia,  &c. 

Adhesion. — ^The  conditions  arising  from  adhesion  or  want  of  se- 
paration have  been  referred  to  already,  under  the  names  of  superior 
or  inferior  calyx  or  ovary.  The  condition  depends  on  this  circum- 
stance— whether  the  vascular  bundles  for  the  carpellary  whorl  are 
detached  at  once  from  the  axis,  or  whether  they  are  held  together 
by  a  sheath  of  cellular  tissue  for  a  time  before  becoming  detached. 
They  are  always  associated  with  cohesion  when  more  than  one 
carpel  exists. 

The  styles,  when  the  ovary  is  inferior,  are  either  coherent,  as  in 
Iridacese  ffig.  260),  or  distinct,  as  in  the  Umhellif^rsB  (fig.  172)  and  Rubis- 
cesB.  In  Sajcifraga  (fig.  171),  and  in  some  other  cases,  the  ovary  is  half- 
inferior.  When  the  stamens  are  consolidated  with  the  pistil,  the  g^fnan- 
drous  condition  is  produced.  In  Orchidacesd  the  filaments  are  inseparable 
from  the  style,  forminp^  a  column  surmounting  the  ovary;  in  A»rlepia- 
dacesB  the  anthers  adhere  to  the  summit  of  the  free  compound  style ;  in 
AristolochiacesB  the  filaments  apparently  adhere  to  the  biase  of  the  com- 
pound style  (fig.  242).    (See  unaer  AristolochiacesQ.) 

Compound  pistils  are  sometimes  smooth  and  even  on  the  ont- 
side,  showing  do  sign  of  their  compound  nature,  as  in  Primuh^ 
Ac. ;  in  other  cases  they  exhibit  more  or  less  deep  furrows  at  the 
lines  of  junction,  sometimes  dividing  them  into  lobes.  But  the 
int'Omal  structure  of  the  ovary  generally  indicates  the  number  of 
carpels  entering  into  its  composition  very  plainly. 
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lattflocQlaT  Otstt— Plac«ntatioii.— When  the  carpels  are  firmlr 
ni  orgsiiicslly  united  by  the  surfaces  of  contact,  we  obtain  the 
spe  of  a  compound  muUilocular  or  many-etlled  ovary  (fig.  248)". 


•M' 


Fig.  24a     Rg.  249.     Fig.  260.        Fig.  251. 
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0?MT,  ttjin.  Hid  ttignm  of  Malta. 


Tf<i.  H«.  S-Hlled  onrj  otZOi-m. 
Fie.  2W.  ^nUed  onrj  of  Ormmtlfiia. 


In  tbe»e  cases  the  sides  of  the  coUHtitueot  carpels  are  folded  in- 
nrdt,  so  a«  to  meet  in  the  centre,  and  tlius  form  partitions  be- 
i"wn  the  chambers  or  loeuli.  The  placental  margins  of  the 
iafolAed  carpels  are  retroQexed,  constituting  eetdral  or  oxile  pla- 
'^tu.  The  partitions  are  called  dixgepimmts,  and  are  necessarily 
wible,  hang  composed  of  the  conjoined  side-walls  of  contiguous 
'3rpel».  In  each  oraries  the  dorial  sutures  are  in  the  outer  wall, 
"tile  the  ventral  antures  meet  in  the  centre  (fig,  248). 

Eumpln  of  this  kind  of  ovary  are  furniahed  by  I,iUace»  (fig.  240) 
<»l  many  other  Monocotyledonous  orders,  by  EricaceiB,  Solanacere,  Scro- 
Anlirikcea,  kc  la  sonie  chsch  the  ventml  Butitren  And  placentas  are  not 
itfily  confiuent,  but  adhere  to  a  central  proloniration  of  the  receptacle 
''^iiiiitiit  up  between  them,  as  iu  Oeranioceee  (lig.  27(t),  &c. 

Falte  or  ipuriout  ditttpinKnU  occur  occasiannlly  both  in  compound  and 
iraple  OTsnes,  connsting  of  membranes  or  plates  developed  from  the  pla- 
nnu  or  from  the  dorsal  suture,  and  subaiTiding  the  originiUly  single 
<*nti  formed  by  individual  carpels.  Thus  in  lAmtin  the  B-carjiellary 
Illy  would  have  five  loculi,  were  it  not  that  a  spurious  disgepiment 
■y»iAi  inwards  fmm  the  dorsal  suture  to  the  placenta  in  each  loculiis, 
«il  diridea  the  orarv  into  ten  loculi.  In  Attrnffolm  (fig-.  2't21  the  sinipla 
^iTT  i»  divided  by  the  infleiion  of  the  dorsal  nuture,  and  in  Datura 
■^moimon  a  false  septum  is  formed  in  each  of  the  loculi  of  the  ovary. 
J)k  traatrerte  false  septa  found  in  various  Leguminous  ovaries,  such  as 
(-^iaiiaearpitt  £c,  are  likewise  outgrowths  irom  the  walls  of  the  carpel, 

IMocalar  compoosd  Orary, — It  the  carpels  are  not  intlexed, 
™1  cohere  by  their  contiguous  margins,  they  form  a  hollow  ca^ 

'  The  term  ceU.  tboogh  ooramonly  used,  i*  objectionable,  bb  leading  to  confii- 
vnnvith  lh>  cells  which  make  up  the  tiuues  of  tlie  planL  On  thiBonuunt  the 
■«*  *«»;«.  iipwfemble. 
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with  only  a  single  cavity ;  and  as  the  lines  of  junctioa  of  the  cir- 
pels  are  oa  the  outer  wall,  the  placentas  must  stand  inside  tho^ 
lines ;  in  this  wa,j  is  formed  a  unilocular  compound  ovary  with 
parUtal  phcrntcu  (figs,  253-255).  There  are  no  dissepiment-: 
and  the  ventral  sutures,  alternating  on  the  outer  walls  with  tb'- 
dorsal  sutures,  are,  in  such  cases,  like  the  placentas  within,  fonnf^i 
of  the  confluent  margins  of  two  different  carpels  instead  of  those 
of  the  same  carpel. 

We  find  almost  eveiy  pcwsible  degree  of  transition  between  the  parviol 
and  the  axilt  placental,  according  as  the  plscentiferous  man^s  pnijrft 
more  or  less  into  the  interior  of  the  ovary.  True  parietal  placentas  »re 
found  in  VioUceie  (fig.  254),  Oentianaces  (fi)t.  263),  Cistaces  (fig.  35-i;. 
&c.     In  Papaner-wa  have  the  margins  turned-in  so  as  naaily  to  nttcb  tbe 


Fig.  262. 


Tig.  263.         Fig.  254  Fig.  266. 
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centre  (aa  imperfect  diHsepimonts) ;  in  some  IlypericsceiE  {H.  ifrarrtJenii 
the  originally  axil e  placentas  become  parietal  by  separation  durinz  thi' 
ripening  of  the  fruit,  while  in  Cucurbitacefe  the  originally  distjnrfly 
perietal,  although  greatly  infleied,  margins  ultimately  cohere  80  as  to  form 
an  aiile  placenta. 

In  Cruciferat  we  have  an  anomalous  condition,  where  there  are  two 
double  perietal  placentas,  but  from  the  central  line  of  each  projects  a  pint? 
passing  across  the  cavity  and  forming  a  kind  of  spiuious  septum,  called 
a  replum;  so  that  each  cell  cantons  only  the  two  half-placentas  formi^l 
by  its  own  margins. 

Free  central  PlacentaB.— In  some  Orders,  where  the  walls  are 
as  in  the  unilocular  compound  ovaries  above  described,  the  placentas 
are  found  as  a  free  column  or  expanded  mass  in  the  centre  of  the 
common  cavity.  This  forms  the  eompoand  unilocular  ovary  vith  a 
frft  cfiUral  piofenUi.  In  Frimulacess,  Santalaceoi,  and  some  other 
Orders,  where  this  kind  of  placentation  occurs,  the  placentas  are 
free  from  their  very  earliest  state,  and  are  seen  to  be  direct  pro- 
longatiuns  of  the  receptacle  or  axis  within  the  carpels. 
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The  anpeanDoe  of  a  free  central  placenta  is  presented  in  CaryoplLynaces» 
\f  the  oonteration  of  the  partitions  which  pass  between  the  outer  walls  and 
a>r  reotre  of  the  carpels. 

Ht  BailloQ  a  jpeculiar  process  from  the  placentas  over  the  ovules  is  called 
±t  oUuraiar ;  it  is  very  conspicuous  in  Euphorbiaceae. 

Tazimii  modes  of  FlacentatioiL — ^The  placentas  have  been  spoken 
o:  as  doubUy  on  account  of  their  origin :  where  only  one  ovule 
-lists  in  a  cell,  it  is  assumed  that  one  at  least  is  suppressed ;  but 
:Lis  other  is  not  unfrequently  developed  in  the  Cherry,  Almond, 
^.  (causing  the  double  kernels).  In  Leguminosse  the  double  pla- 
roul  base  is  so  narrow  that  the  ovules  are  placed  one  over  another, 
lod  form  what  appears  like  a  single  line.  In  Larkspur,  Columbine, 
&<^  there  is  a  distinct  double  row ;  in  many  cases  each  placenta  has 
1  'loable  row  of  ovules ;  while  azile  placentas  are  frequently  thick- 
•iitfd  and  enlarged,  so  as  to  bear  a  large  collection  of  ovules,  closely 
pcked.  In  Papaver  the  ovules  exist  all  over  the  imperfect  septa ; 
u  y^phaa  all  over  the  sides  of  the  dissepiments,  and  not  at  the 
"^r^nt;  in  Buiomus  all  over  the  inside  of  the  carpels,  &c.  Where 
uToles  arise  from  the  base  of  a  carpel,  either  singly  or  in  larger 
Biuubers,  the  plaoentation  is  called  basilar ;  it  is  in  most  cases  a 
«!i^bt  modification  of  free  central. 

Ihe  Style. — ^Tbe  styles  require  no  particular  notice  beyond  the 
r^ements  already  made,  except  in  regard  to  their  irregular  posi- 
'  uo  in  some  cases.  The  stvle  is  really  produced  from  the  apex  of 
•ih?  carpel ;  but  in  various  ftosaces  the  ovarian  part  of  the  struc- 
ture grows  faster  and  so  disproportionately  that  it  leaves  the  style 
"Q  one  side  {laieral)  {Fr<tgaria,  fig.  256),  and  sometimes  even  grows 
Qt  and  up  so  much  that  the  style,  then  called  hasilary  seems  to 
riae  from  the  base  {AlchemiUa).  In  the  Boraginaces  and  Jjabiatad 
iiig.205)  a  similar  condition  of  the  styles  exists  in  a  compound  pistil ; 
tike  styles  in  these  plants  are  confluent,  and  arise  as  a  solitary  column 
trom  a  deep  depression  in  the  centre  of  the  4-lobed  ovary,  com- 
Qaoicsting  with  the  cells  near  the  base  as  in  the  KosacesB  referred 
tu.  These  styles  of  Labiataa  are  called  yynohasic.  A  dimorphic 
njndition  of  the  pistil  especially  affecting  the  length  of  the  style  is 
inet  with  in  some  flowers,  e.  g.  Primroses,  some  of  which  have  short, 
others  long  styles,  as  explained  under  Fertilization. 

The  Stigma. — The  stigma  is  either  situated  at  the  end  of  the 
style  or,  where  this  structure  is  wanting,  it  is  sessile  on  the  ovary. 
iBKtsDoes  of  sessile  stigmas  are  furnished  by  the  compound  pistils 
of  Papwer  (fig.  262),  Nymphseacese,  &c.,  where  the  stigmas  form 
ndukting  ridges  on  the  top  of  the  flattened  ovaries.  The  elongated 
stigmatic  surfaoee  on  the  inner  sides  of  the  beak-Uke  points  of  the 
nmpls  pisdls  of  Jianuneulus  and  allied  plants  are  almost  to  be 
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called  sessile  stigmas ;  and  these  form  a  transition  to  the  lonf 
Btigmatic  ridges  which  extend  down  the  inner  sidee  of  the  styles 


rig.  ^Mi. 


K^.SM. 


of  most  CaryophyllaceEe.  When  it  is  properly  t«niiinal  it  exhibits 
a  great  variety  of  conditions,  both  as  reguds  composition  and 
structure.  Its  form  is  sometimes  associated  with  the  method  of 
fertilization  by  insects  or  otherwise,  as  afterwards  explained. 


Fig.  260. 


ID  of  Bowsr  otlrit,  Uu  Mjle  tenniiuttiiic  in  rwrnt  li- 


lt has  been  stated  that  the  styles  of  compound  oTarice  ta«  often  dtdtntt; 
the  stigmas  are  also  oftea  diatiiict  on  compound  stales,  iodicati:ig  the 
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luntMr  of  cooBtitiient  carpek.  Moreover  these  diatinct  stigmas  are  occfr* 
xjallrtpUt  dcHrn  into  two  arma  [itigmaUi  bicmria),  correApondiDg  to 
:.-  two  placentas  below :  the  one-celied  ovary  of  Grissea  and  Compoaitw 
u:.  J*>1)  bmrs  a  two-armed  stig'mfi;  and  th» stigmas  of  the  compound 
iTiesuf  EupAorbui  and  some  Drotera  are  double  the  Dumber  of  the 
iJ^^  Sometimes  the  diBtioct  arms  of  ditterent  carpels  cohere,  and 
Lna  nigmaa  equal  in  number  to  the  placentas,  but  alteniatiag  with  them. 
form  md  FositloiL — Stigmas,  eimpje  or  compound,  when  distiiict, 
L-t  either  terminal  or  lateral :  in  the  latter  case  the  atigmatic  sur- 
ii>e  13  on  the  ventral  side.  Tbeir  form  is  generallj'  slender  and 
L^kifad-Uke,  with  a  g1  and  dar  stigma  tic  surface  ;  but  m  the  Grasses 
lb:  Kligmaa  are  feathery  (tig.  257)  or  ptnidHats  (tig.  358  J ;  in  the 


Kg.  263-  Fig.  2«4.  Rg.  266.  Fig.  266. 


ft »  Ikmr  or  Lmx^ia,  wUb  ou  i^U  ud  fliitunn  9ti|[mi>. 
n**.  lAHTiUniH  fif  CompoiiU  pUnC,  with  papilloH  lorbeu. 

U-  M.  Opeg  oqwl  ot  rimmi,  with  two  uksd  oniln  M  tbfl  bue. 
'4- 1.  T«af  fnui*  bloMmn  oi  Jw^tnUt  with  the  firaiit  owp*l 


r  or  Zuiite  wUb  ou  1^1 
r  itiniH  fif  Campaiil«  pli 
of  Qi'W's.  wUb  Mt1>  uu 
aqwl  c/  JHmh,  with  two 
r  fnui*  bloMmn  ot  Jw\ 

liey  are  petaloid  (E^.        ,  .  ^ ...„., 

Ini  (fix.  260) ;  and  is  other  cases  they  are  eapilale  (fig. 
"rf(%.2 ■■  -    -"     """• 


>peg  ar|wl  "t  Pimtt,  with  two  uksd  oniln  H  tbs  bue. 

r««af  fnui*  bloeemn  ot  Jw^tnUt  with  the  firaiit  owp*l  RmoTBd.  ihowiDf^  the 

Iridaces  they  are  petaloid  (fig,  259)  or  very  much  enlarged,  as  in 


i.>W(%.  2%\),peUatt,  radiate  (fig.  2Q2\  filiform  (fig.  263),  linear 
l%.2&4),  &c.  Iq  Leguminoeee  the  stigmatic  surface  of  the  simple 
»vle  is  laltral  (fig.  265). 

'Hi*  orifice  of  stigmas  leading  to  the  canal  of  Ihe  style  is  more  or  less 
&W  by  the  KluiduUr  and  capillary  processes  which  clothe  their  sur- 
^;  tod,  ii^eed,  to  the  naked  eye,  the  canal  of  the  style  does  not 
*?pw  pcnueable. 

&ynutp«rnuRU  Piitila. — The  pistil  of  Oymnospermous  plants 
vnmnt  of  ficalea  or  open  earpelt,  collected  into  wna,  bearing  exposed 
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ovules,  80  that  no  representative  of  the  stylar  or  stigmatic  regions 
exists  here.  Among  the  Goniferje,  Pinvs  and  its  allies  have  scak- 
like  carpels  with  a  pair  of  ovules  on  the  upper  surface,  at  the  ha^e 
(fig.  266) ;  the  structure  is  analogous,  although  the  form  of  the 
scaJe  differs,  in  Thuja ;  the  Cypress  has  peltate  scales,  with  nume- 
rous ovules ;  in  Juniperus  each  of  the  three  scales  has  onlj  ont^ 
(tig.  267).  In  Taxus  the  ovule  is  a  solitary  structure,  a  kind  of 
free  ovule,  growing  out  from  the  apex  of  a  small  cone  formed  of 
barren  scales.  In  the  Cycadacece,  Ci/cas  has  large  leaf-like  '."ar- 
pels,  with  numerous  marginal  ovules;  Zamia  has  peltate  scales, 
more  like  CupressuSy  with  the  ovules  pendent  from  the  thickened 
summit. 

By  some  authors  what  is  above  described  as  a  naked  ovule  ia  thoug^lit 
to  be  an  ovary  (see  under  Gymnosperms). 

Sect.  10.  Pboducts  of  the  Esseittiai.  Obgai^s  op  Fiowebs. 

Oyales. — Ovules  are  the  rudiments  of  seeds,  and  arise  from  the 
placentas  situated  in  the  ovaries  of  Angiospermous  plants  (figs. 
253-255),  and  on  the  margins  or  surface  of  the  open  carpels  of 
Gymnospermia  (figs.  266, 267).  They  originate  as  cellular  papi7i® 
at  an  early  stage  of  development  of  the  ovary,  and  acquire  a  definite 
form  and  structure  by  the  time  the  flower  expands. 

Ovules  are  bv  some  observers  regarded,  in  part  at  least,  as  a  kind  of 
bud ;  for  not  only  do  they  appear  in  the  positions  occupied  by  adventi- 
tious buds  on  vegetative  leaves,  as  in  Bryophyllvm,  but  abnormal  leaf-like 
carpels  often  bear  bulb-like  structures  and  foliaceous  lobes,  in  place  of 
the  ovules,  on  their  free  margins.  By  others  they  are  considered,  at 
least  so  far  as  their  outer  coat  is  concerned,  to  be  modified  leaves  or 
portions  of  such  leaf.  In  most  cases  they  originate  from  the  marpus 
or  surface  of  a  carpellary  leaf;  but  in  some  cases  they  originate  from 
the  axis  (free  central  placentation),  and  are  then  either  lateral  or 
terminal,  as  in  Piperaces,  where  the  end  of  the  axis  becomes  the 
nucleus  of  the  ovule.  Other  illustrations  are  afibrded  by  Taxus  and 
Polygcnum, 

Number. — ^The  number  of  ovules  in  the  ovary,  or  in  one  cell  of 
a  compound  ovary,  varies  between  wide  limits.  Thus  the  ovule  is 
solitary  in  the  simple  ovaries  of  Manunculus,  Prunus  (fig.  245),  &c., 
in  the  compound  ovaries  of  PolygonacesB  &c.,  and  in  each  cell  of 
the  bilocular  ovaries  of  the  UmbellifersB  &c. ;  the  number  is  stiil 
small  and  definite  in  the  simple  pistils  of  many  Leguminosse,  in  the 
cells  of  the  compound  ovary  of  Qiiercus,  &c. ;  in  a  very  large  pro- 
portion of  compound  ovaries,  whether  unilocular  or  multiloculftr, 
the  ovules  are  very  numerous  on  each  placental  surfaoOy  and  they 
are  termed  indejinite,  as  in  Primula^  Papaver^  &c.  &c. 
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FiBieahi& — ^A  fully  dereloped  ovule  is  usually  attached  to  the 
**  jeentft  b?  a  short  slalk,  called  the  funieulms,  podosperm,  or  umbi- 
rileord;  where  this  stalk  does  not  exist,  the  ovule  is  sessile ;  in  a 
\*^  cases  the  funiculus  is  very  much  elongated  (Plumbaginacese). 

fielatiTe  FositioiL — Special  terms  are  used  to  indicate  the  posi- 
:i-<i(Mcupied  by  ovules  in  the  ovary,  and  more  particularly  their 
liTxtiaa.  If  the  placenta  is  at  the  base  of  the  ovary,  and  the 
w'.ale,  springing  from  that  situation,  points  upward,  as  in  Polygo- 
r.icee  and  Compositse,  the  ovule  is  called  erect ;  if  it  is  attached  at 
:it:  summit,  and  hangs  straight  down,  as  in  the  Birch,  Dipsaceae, 
&C.  it  is  suspended ;  when  the  placenta  is  central  or  parietal,  the 
-rule  may  turn  upwards  and  be  ascending,  may  point  straight  out- 
^Ards  or  inwards  and  be  horizontal,  or  may  turn  downwards  and 
i^  pendens.  In  Plumbaginaceffi  the  ovule  is  suspended  from  the 
oJ  of  a  long  funiculus,  which  arises  from  the  base  of  the  ovary  as 
X  ^  erect  condition. 

Where  Dumeroiifl  ovules  exist  on  a  central  placenta,  it  is  very  common 
v>  tod  the  upper  ones  ascendinKy  the  middle  horizontal;  and  the  lower 
i^xialoitfl,  00  that  the  direction  becomes  indefinite. 

Puts  of  an  Onle. — ^The  ovule  arises  from  the  placenta  as  a 
Amieal  papilla,  which  soon  becomes  elongated  into  an  oval  body, 
'>  nucleus^  raised  on  the  stalk  or  funiculus.  By  the  time  the 
tjTer  opens,  the  nucleus  (figs.  268-270,  a)  generally  becomes 
f^'Tered  up  by  the  coats  or  envelopes,  which  originate  as  circular  ridges 
^  the  point  where  the  funiculus  is  attached,  and  gradually  grow 
iipo\er  the  nucleus.  The  coats  do  not  completely  close  in  the 
4vile,  but  leave  an  opening  at  its  summit,  called  the  micropyle  or 
/.fwnni  (figs.  268-270,  h).  The  base  of  the  nucleus,  where  the 
-t4ts  arise,  is  called  the  chalaza ;  the  internal  coat  (the  secundinc 
of  Mirbel)  is  the  £u-st  formed  ;  it  is  denominated  the  hvtegumentwm 
^*^onmm,  or  the  tegmen ;  where  only  one  coat  exists,  it  is  called  the 
^^g%msntum  simplex.  The  outer  coat,  which  grows  up  after  the 
inofY  (the  primine  of  Mirbel),  is  called  the  integumentum  externum^ 
or  sometimea  the  testa.  Sometimes,  as  in  Welwitschia,  the  primine 
M  prolonged  beyond  the  apex  of  the  ovule  in  the  form  of  a  tube 
Zttatly  resembling  a  style  (see  under  Gnetacese).  The  orifice  named 
tbe  micropyle  forms  a  canal  passing  through  both  coats  down  to  the 
paot  of  the  nucleus ;  and  the  portions  passing  through  the  outer  and 
uuier  integuments  are  often  called,  respectively,  the  exostome  and 
^^stome.  The  point  where  the  seed  afterwards  breaks  away  from 
^  funiculus  is  marked  by  a  scar,  which  is  called  the  hilum. 

la  the  Mistletoe  the  nucleus  is  naked,  no  coats  bein^  formed ;  in  many 
^>*^  there  it  only  one  coat;  most  ovules  of  Monocotyledons  have  two. 
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The  coats  of  the  ovule  are  usually  regarded  as  foliar  in  their  nature,  the 
nucleus  as  axial — by  others  as  a  '^  trichome ''  or  superficial  emergence 
from  the  foliar  coat  of  the  ovule.  The  nucleus  may  be  regarded  as  the 
equivalent  of  a  macrosporangium  among  higher  Cryptogams. 

The  above  is  a  description  of  the  ovule  of  what  may  be  called  the  normal 
form,  such  as  we  find  in  Polygonum,  &c. :  where  the  nucleus  is  straight 
and  the  micropyle  is  at  the  end  opposite  the  attachment  of  the  fimicuiu^, 
and  the  chalaza  next  the  placenta,  such  an  ovule  is  called  straight,  or,  more 
technically,  atropous  or  orthvtrcpous  (fig.  268). 

Inyersion  and  Corvation  of  the  Ovules. — Very  frequently  the 
funiculiis  grows  in  a  state  of  confluence  with  the  outer  integu- 
ment, during  the  development  of  the  ovule,  so  as  to  push  up  the 
base  of  the  nucleus  until  it  is  completely  inverted  (fig.  269),  and 

Fig.  269.  Fig.  270. 

c 


Diagrammatio  Tertioal  MotiainB  of  OTules :  a,  the  nooleus;  6,  the  micropjle;  e,  thaimtB; 

<i»  raphe. 

Fiff.  266.  An  atropona  or  oxih<ArcwnB  omle. 
Fig.  269.  An  anatropoua  ovnle.  Fig.  270.  A  oampylotropooa  ovale. 

the  micropyle  (6)  points  to  the  placenta,  while  the  chalaza  (c)  is  at 
the  opposite  end,  the  nucleus  being  straight  as  in  orthotropous 
ovules :  this  is  the  inverted  or  anatropous  condition  (Composite, 
Liliaceae,  &c.) ;  and  as  the  funiculus  is  confluent  with  the  outer 
coat,  the  hilum  (the  external  point  of  junction  of  the /unicuZtw  ^"ith 
the  body  of  the  ovule)  is  left  in  its  original  position,  and  therefore 
close  beside  the  inverted  micropyle.  The  adherent  portion  of  the 
funiculus  often  forms  a  kind  of  lidge  extending  from  the  hilum  to 
the  chalaza :  this  is  termed  the  rapJu  (fig.  269,  d).  Other  ovules 
become  anatropous  not  by  reflexion,  but  by  unequal  growth. 

The  inverted  ovule  is  a  straight  ovule  with  a  long  funiculus  confluent 
with  the  outer  coat:  in  l\tmatia  (Cistacete)  the  real  condition  often 
actually  illustrates  this ;  and  in  seeds  formed  from  anatropous  ovules  the 
raphe  sometimes  separates  {Zypophyliumy  WiUdenovia), 

The  position  of  tne  raphe  with  reiference  to  the  ovule  varies  in  diflerent 
cases ;  sometimes  it  is  ventral,  or  on  the  side  of  the  ovule  nearest  to  the 
placenta,  sometimes  dorsal,  at  other  times  kUeral, 

A  curved  or  camj^htropoua  ovule  (fig.  270)  is  formed  by  the 
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beodfiigOTerof  the  nucleus  upon  itself  in  the  form  of  the  letter  U, 
orrnng  the  micropyle  (6)  over,  but  leading  the  ckalaza  in  its  natural 
noziitj  to  the  hilum.    There  is  no  raphe  in  such  ovules. 

Another  condition  more  rarely  met  with  is  the  horizontal  or 
^pkttropous  ovule,  intermediate  between  straight  and  inverted,  the 
^iheieat  funiculus  pushing  up  the  chalaza  at  one  end,  while  the 
jLi!ropjle  descends  in  a  corresponding  degree,  until  the  axis  of  the 
f/<^  jle  becomes  horizontal,  and  parallel  with  instead  of  at  right  angles 
to  the  placenta. 

Ii  the  first  instance  all  ovules  are  straighty  but  they  mostly  become 
cored  dnriiig  the  course  of  their  development. 

Ike  Xmbrjo-Bac. — At  the  time  when  the  flower  expands,  there 
rv^s  a  more  or  less  considerable  sac  or  cavitv  excavated  in  the 
liubstaDce  of  the  nucleus,  the  upper  end  of  which  sac  is  situated 
T8:«(  vithin  the  apex.  This  cavity  is  called  the  embryosac,  being 
ysily  a  sac  or  bag  with  a  proper  wall,  within  which  the  embryo  or 
rudiment  of  the  future  plant  is  developed  after  fecundation.  It  is 
itakygoaa  to  the  maerospore  of  Cryptogamous  plants. 

The  phenomena  of  fecundation  and  of  the  early  development  of  the 
csbnro;  together  with  the  minutiae  of  the  anatomy  of  ovides^  are  reserved 
l>r  tiie  Physiological  part  of  this  work« 

The  farther  morphological  peculiaritiee  of  the  ovular  structures  will 
^  beet  under  the  head  of  the  wed  or  completed  product^  previously  to 
ciaaujun^  which  we  must  follow  out  the  ultimate  history  of  the  pistils 
^  a&mnated  organs  forming  the  fruity  in  which  the  ripe  seeds  are 

The  fmlL — ^The  fertilization  of  the  ovules  usually  takes  place 
swn  after  the  opening  of  the  flowers,  or  sometimes  even  before 
'lietr  expansion.  During  the  subsequent  changes  by  which  the 
•Joules  are  converted  into  seeds,  the  ovary  (and  occasionally  other 
frt£  of  the  flower)  imdergoes  further  development,  and  becomes 
^  is  technically  called  \he  fruit  or  seed-vessel. 

Cbanges  during  the  ripening  of  the  Fruit.— Generally  the  stamens 

^  corolla,  and  not  unfrequentiy  the  calyx  also,  fall  awav  or  wither  up 
tta  fertilizatioD,  and  the  styles,  with  the  stigmas,  mostly  disappear ;  but 
1^  style  sometimes  persists,  and  even  undergoes  enlargement,  forming  a 
«ifid  of  &foi  or  tail  to  the  fruit,  especially  in  simple  fruits  formed  of  one 
f^-pd  {Bammeuhu,  Clematis,  Geum,  fig.  289,  &c.).  The  calyx,  when 
ifl/mor,  remains  in  many  cases  as  a  loose  cup  or  envelope  surrounding 
fb  fruit  (asin  Labiatse,  manv  Solanacece,  fig.  16^,  &c.)  ;  or,  when  superior y 
^^  segments,  enlarged  or  witnered.  form  a  Imid  of  crown  to  the  fruit  (Com- 
f^Ue,  CampanulaceflB,  &c.,  fig.  288),  and  the  tubes  of  adherent  calyces 
|lwtyi  enter  into  the  composition  of  the  inferior  fruits  (tigs.  298-303). 
h  ttoie  cases  the  calyx  and  the  corolla,  in  other  cases  the  receptacle, 
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become  blended  with  the  ovary  or  ovaries  to  form  the  fruit ;  and  a  still 
more  complex  kind  of  fruit  is  formed  by  all  the  flowers  of  an  inflo- 
rescence becoming  conjoined  into  a  common  structure  during  the  ripemng 
of  the  seedy  so  as  to  form  a  collective  fruit,  such  as  occurs  in  the  Pine- 
apple i^g,  308),  Mulberry  (fig.  307),  Bread-fruit,  the  Fig  (fig.  306), 
cones  of  Firs,  &c. 

Considered  as  developments  of  the  catpels  alone,  many  fruits  in  their 
mature  condition  depart  widely  in  appearance  from  the  ovaries  from 
which  they  are  produced,  the  morphology  of  fruits  exhibiting  perhspe 
more  remarkable  cajses  of  actual  metamorphosis  than  any  other  parts  of 
plants.  Hence  it  is  often  difiicult  to  judge  from  a  fruft  what  tdnd  i>f 
pistil  the  flower  has  possessed,  and  the  structure  of  fruits  can  only  le 
imderstood  by  a  study  of  their  progressive  development  from  the  imma- 
ture to  the  mature  condition. 

The  most  important  source  of  change  is  the  suppression  of  chambers  or 
loculi  of  the  ovary,  together  with  the  abortion  of  ovules.  Thus  the  flower 
of  the  Birch  has  a  two-celled  ovary  with  one  ovule  in  each  cell ;  but  ooe 
cell  with  its  ovule  is  constantly  abortive  and  almost  entirely  disappears  in 


Fig.  271. 


Fig.  272. 


Fig.  271.  Female  flower  of  tilie  Oak:  a,  vertioal  Motion;  bj  aron  aeotioii. 
Fig.  272.  Fruit  of  the  Lime  iTUia) :  a,  entire ;  6,  ok>m  Motion. 

the  fruit.  In  the  female  flower  of  the  Oak  and  hazel-nut  there  are  three 
cells,  each  with  two  ovules  (fig.  271) ;  but  only  one  cell  is  found  in  the  ripe 
fruit,  and  this  is  filled  by  one  solitary  remaining  seed,  as  we  find  in  tLe 
Acorn  or  nut.  In  the  Lime  there  are  several  ceDs  in  the  ovarV)  but  gt^ne- 
rally  all  but  one  are  obliterated  in  the  fruit  (fig.  272) ;  and  similar  cases  are 
by  no  means  uncommon.  In  these  cases  the  dissepiments,  called  in  the 
miit  septa,  are  not  broken  down,  but  pushed  to  one  side  and  obliterated 
by  the  pressure  exercised  by  the  developed  seed. 

On  the  other  hand  spurious  partitions  are  sometimes  formed,  as  in 
Datura  Stramonium,  which  has  a  four-celled  fruit  derived  from  a  two- 
celled  ovary :  and  in  the  pods  of  Leguminos®  cross  partitions  are  oflen 
produced  between  the  eeeos. 

The  original  conditions  are  frequently  still  further  concealed  by  the 
alterations  in  the  texture  of  the  coverings  of  the  fruit,  next  to  be  de- 
scribed. 

The  Pericarp. — The  "  wall "  of  the  fruit  is  the  subetanoe  formed 
f  rom  the  carpels,  or  (when  present)  from  the  other  component 
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Btractores.  It  confltifcutes  the  case  enclosing  the  ripe  seed  or 
seeds,  and  is  called  the  pericarp.  The  pericarp  is  of  very  different 
stiuctiue  in  different  fruits.  When  the  fruit  is  mature,  it  may  be 
dry,  membranous^  leathery  (coriaceous),  woody,  or  succulent ;  or  it 
mar  be  succulent  externally  and  woody  within,  or  succulent  in- 
tenudly  and  woody  or  leathery  outside. 

The  ripe  pods  of  common  Peas  afford  examples  of  a  dry  membranous 
pt^carp ;  the  Flags  (Iris)  have  a  leathery  pericarp ;  the  common  Hazel- 
out  kc  haye  a  woody  pericarp.  The  pericarps  of  the  Grape  and  the 
(roijAeberrr  are  succulent  or  baccate.  The  Plum,  Cherry,  &c.  are  succu- 
lent externally  and  woody  within  (drupaceous)  ;  the  Omnge,  the  Pome- 
innate,  the  Fumpkiny  &c.  are  succulent  within  and  leathery  or  horny 
outride. 

When  the  pericarp  is  uniformly  membranous  or  woody,  without  dis- 
tioftion  of  layers,  no  subdivisional  terms  are  applied  to  it.    The  same 
bolds  good  in  respect  to  the  simple  succulent  pericarp  of  such  fruits  as  the 
Orape  and  Gkx)9eDenT.     When  there  is  a  distinction  into  layers,  formed 
bv  ft  fnvdual  alteration  of  the  texture  of  the  inner  and  outer  parts  during 
mutaration,  we  distinguish  between  an  epicarp  and  an  endocarp  or  pyrene — 
a«,  for  example,  in  the  Plum,  Cheiry,  Walnut,  &C;  where  there  is  a  suo- 
mleot  epicarp,  and  a  woody  endocarp  forming  the  ''  stone ;  '*  the  **  core  " 
of  the  Apple  is  a  membranous  endocarp.    When  a  fruit,  such  as  the 
<^^Tanf^,  romegranate,  Litchi,  &c.,  is  iirm  externally,  with  a  leathery  or 
woody  epicarp  and  a  succulent  endocarp,  the  latter  is  generally  derived 
frjm  development  from  the  placental  re^ons.  In  common  ^*  stone-fruits  " 
tbe  two  regions  are  often  distinguished  by  the  names  sarcocarp  Tor  pulp) 
and  putamen  ot  pyrene.    In  the  I)ate-Palm  (fig.  280)  the  '*  stone    consists 
of  the  albuminous  seed,  which  is  invested  by  a  succulent  pericarp.    In 
other  Palms,  such  as  Areca,  the  pericarp  is  fibrous.    In  hard-rinded  suc- 
culent fruits  we  have  an  internal  sarcocarp  enclosed  by  a  corUx  or  rind. 

Many  authors,  foUowing  De  CandoUe,  divide  the  pericarp  into  epicarp, 
mtsffcwrp,  and  endocarp.  It  may  be  observed  here  that  the  distinction 
brtween  endocarp  and  epicarp,  in  the  common  stone-fruits,  arises  entirely 
during  the  ripening  of  tne  fruit ;  the  two  regions  are  originally  alike  and 
ondistiogaiflhable ;  it  is  well  known  that  the  easy  separation  of  the  pulp 
from  the  stone  is  a  sign  of  ripeness. 

Debiioence  of  Fmit. — Some  fruits,  more  particularly  the  succu- 
lent kinds,  but  also  many  dry  fruits,  do  not  burst  to  discharge 
their  seed  or  seeds  when  ripe ;  these  are  called  indehiscent  fruits. 
The  pericarp  rots  away,  or  is  broken  irregularly  or  perforated 
irhen  the  seed  germinates.  Most  dry  fruits,  more  particularly 
those  formed  of  more  than  one  carpel,  burst  open  or  separate  into 
pieces  in  a  regular  manner  when  mature,  and  are  consequently 
ddiiseent. 

Dehiicence  takes  place  generally  (1)  by  the  separation  or  splitting 
of  the  sutures  of  the  carpels  in  a  vertical  direction,  or  (2)  by  the  disso- 
ciation of  coherent  carpels,  or  (3)  by  both  together.  The  parts  which 
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Beparate  in  tlie  first  wajure  called  valva;  and  this  mode  of  bars  I 
itig  is  termed  sutural  or  valvular  dehitrenre.  The  separated  carp« ! 
in  the  second  mode  are  called  eocci  if  they  do  not  open  as  ezplaint! 
in  a  subsequent  paragraph.  Sometimea  the  valves  only  sepaml 
for  a  certain  dist&nre  from  the  summit,  forming  teeth  (fig.  27:i 
In  a  few  cases  the  dehiscence  is  poivtu ;  in  others  the  npper  en 
of  the  fruit  falls  oS  like  a  lid,  by  tmnmerse  or  cirtvmteitaUe  dfhii 
c^nct  (fig.  274). 


Rg.  27.^.  FiK.  274.  Fig.  275. 


Tig.STS.  Bant  (ruitodUMiHi  (Star  AalM). 

Valndar  Dehiscence.— When  the  dehiscence  is  valvular  the 
fruit  is  named  bi-,  tri-,  multivalvular  according  to  the  number  of 
valves  or  pieces  into  which  it  splits.  This  mode  of  dehiscence  is 
subject  to  several  modifications,  according  as  the  splitting  tates 
place  through  the  dorsal  or  through  the  ventral  suture,  or  through 
both  at  the  same  time.  It  is  still  further  complicated  by  the  cir- 
cumstance that  the  placentas  sometimes  remun  attached  to  the 
valves,  while  at  other  times  they  break  away  from  the  valves,  as  in 
the  condition  called  trptifragal. 

A  few  examples  rosy  be  here  givcu  of  the  various  modM  in  which 
valvular  dehiscence  is  eifoctpd ;  snd  the  student  will  find  the  subject  bt 
more  reftdily  intalligible  if  he  refer  to  some  collection  of  seed-vessels  where 
the  fruits  are  correctly  named.  In  the  cese  of  timple  or  of  opoearpovi 
fruits,  there  is  no  partition  or  dissepiment,  the  cavity  being  simple  ;  in  nirh 
cases  valvular  dehiscence  tabes  place  : — a,  throufrh  the  ventmi  suture,  «* 
in  the  Columbine  (Aquiiegia),  the  Star  Anise  (Il^cium,  flg.  275);  or,  S. 
through  the  dorsu  suture,  as  in  Magnolia ;  or,  y,  through  both  eulures 
at  the  Mme  time,  as  in  the  pod  of  the  Pea  and  other  Leguminous  pUnts 
(lig.  280).    In  this  latter  case  there  are  two  valves,  but  only  s  sisf'^ 

In  uniloctilar  tyncarpaat  fruits,  where  the  compound  carpels  cohere  by 
their  edges  which  aiflnotinfolded,  dehiscence  takes  plsee: — a,  through  the 
ventral  sutures,  when  theplacentssarefnundon  themETgtnsof  thevuKi^ 
as  in  Gentians  (fig.  253),  each  valve  in  this  case  repTcsenting  a  carpel ;  A 
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diraagli  the  doraJ  suture*,  whrn  the  pkcenbia  will  be  found  in  the  middle 
d±f  Tklves,  na  in  the  Violet  (tip.  354).   Id  such  thiits  each  valve  conaiata 

■■|in>  h»If-c»rpel8  combined.  In  the  Orehidace*  the  capsules  dehisce 
3  tbf  mmnner  l»5t  described,  with  this  further  peculiarity — that  the  valves, 
*«rinfr  the  plaeeatas  in  the  middle,  separate  from  the  midribs  or  dorsal 
4-um,  leavin);  tbeK  latter  attached  together  at  the  top,  and  thus  forming 
□  ■ipm  &«mewnrk  supportinf;  the  remaiua  of  the  perianth. 

h  maJtiloadar  nfncarpoia  fhiits,  where  the  sides  and  margins  of  the 
-"mpment  carpels  are  infolded,  so  as  to  form  partitions  or  dissepiments, 
:'■■  Jehi9cenc«  is  likewise  throusrh  the  doreal,  or  ventral,  or  through  both 
■atores;  thus  dehiacence  takes  place: — a,  loculicvIaUy,  through  the  dorsal 
•ilares,  so  as  to  open  the  loculus  or  cavity  of  the  carpel  from  behind  j 
tn  valve  in  thia  case  represents  two  half-caipels  (iigs.  277,  378) ;  or,  0, 
rpliriJaB^,  through  the  septa,  so  as  to  isolate  the  previously  combine'l 
nqf^  (fig.  27fl).    Bach  aegment  in  this  caae  Tepresenta  an  entire  carpel. 

r^.  2/6.  Fig.  277.  fig.  27a 


UilfldHofl  topArmtiniE  elAidfl^l;  from  the  ou^pophon 


^^^ptiridal  and  loculicidal  dehiscence  may  occur  in  the  same  fruit,  aa 
J!  ihif  Foxg-love  (Digitalu),  the  capsule  of  which  first  divides  into  its 
iQilitDent  oirpela  septicidally,  and  afterwards  each  carpe)  splits  loculi- 
^Jallv  into  two  valves;  the  four  valves  so  produced  represent  each  a 
Ul^t^rpeL 

Both  the  loenlicidal  aai  septicidal  modes  of  dehiscence  are  sometimea 
iM<tited  with  wlmt  is  termed  leptifragat  dehiscence.  This  occurs  when 
'^tfla  at  partitions  beAritta-  the  placentas  lire  brokeo  acroMj  the  eftect 
''f  this  is  that  the  valves  breuc  away  from  the  placentas,  leaving  pare  or 
'3'  whole  at  the  latter  standing  in  the  ceutre  of  the  fruit  on  a  kind  of 
Mlnoui,  as  ia  Andromeda,  Contoleuiiu,  Rkododendmn,  &r.  Sejitifragal 
**««««  takes  place  by  itself  in  the  tUiquei  or  pods  of  Crucifene,  where 
'ber^ves  separate  from  the  parietal  placentas,  leaving  them  in  the  centra 
"Wrting  the  ovules  (figs.  295  &  290). 

SchilOCarpe. — In  some  instances,  as  in  Gaiiam,  the  carpels  separate  one 
^'si  the  other  without  opening.  In  such  n  case  the  term  tehtzoearp  is 
"nftojed  to  designate  the  whole  fruit,  while  its  component  carpels  are 
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called  cocciy  or  where  there  are  two,  as  in  Umhellifers,  mericarps  (fig,  900). 
More  frequently  the  carpels  not  only  separate  septicidallj  hut  each  one 
bursta;  through  the  dorsal  suture,  as  in  Qenmium  (tig.  276),  or  through 
the  ventral  suture,  as  in  Calchicum, 

Dehiscence  by  teeth  only  diifers  from  that  by  valves  in  the  smaller 
degree  of  separation.  The  fruits  or  seed-vessels  of  Garyophjllacefe 
dehisce  by  teeth.  Sometimes  the  teeth  are  equal  in  number  to  tne*ciirpt*k 
as  when  the  dehiscence  is  through  the  ventral  sutures  only  {Lychuit) : 
sometimes  double  the  number  ot  the  carpels,  when  the  splitting  takt^ 
place  through  both  sutures  (DiatUhus)  (fig.  273). 

Porous  Dehiscence  arises  from  the  formation  of  orifices  in 
the  walls  of  a  dry  capsule,  aUowing  the  seeds  to  escape.  In  the 
Poppy  (Pa^)aver)  a  circle  of  pores  is  formed  round  the  upper  edjje 
of  the  fruit,  just  beneath  the  stigma ;  in  Antirrhinum  and  Linarut 
there  are  two  or  three  orifices  near  the  summit  of  the  capsule ;  in 
some  Campanulas  a  pore  is  formed  at  the  base  of  each  cell. 

In  all  these  cases  the  orifices  are  formed  from  thin  spots  in  the  walls 
which  tear  open,  their  edges  curling  back  in  more  or  less  regular  teeth : 
the  dehiscence  of  Antirrhinum  is  connected  by  that  oi  Scrophuktria/lJiffi- 
falisy  &c.  with  the  dehiscence  into  a  crown  of  teeth  as  in  Primula  and 
Caryophyllaceae. 

Transverse  or  Circnmscissile  Dehiscence,  observed  in  the  mem- 
branous capsules  of  Hyoscyamus  {^g,  294),  Anagallis  (fig,  274), 
Plantago^  &c.,  and  in  the  woody  fruits  of  Leeythis,  arises  from  a 
transverse  fissure  running  round  the  wall  and  splitting  off  the  upper 
part  of  the  fruit  like  a  lid.  A  dehiscence  analogous  to  this  occurs 
in  the  hrnerUa  of  various  Leguminosae,  which  break  across  in  several 
places  between  the  seeds. 

In  these  cases  a  kind  of  articulation  is  produced,  by  the  tissue  of  the 
pericarp  remaining  more  delicate  in  the  line  of  dehiscence,  so  that  it 
becomes  torn  by  the  hygrometric  contraction  or  expansion  of  the  firmer 
parts  above  and  below,  after  the  fruit  has  become  mature. 

Period  of  Dehiscence. — Dehiscence  does  not  usually  take  place  until 
the  seeds  are  ripe ;  but  in  Mignonette  (Reseda)  the  ovary  opens  before ;  in 
Leontice  theUictroides  the  ovary  bursts  very  early,  and  the  seed  ripens  in  a 
naked  condition.  In  Jmpatiena  and  some  other  plants  dehiscence  takes 
place  suddenly  with  considerable  force,  the  valves  separating  and  rapidly 
curling  up.  In  Elaterium  the  peduncle  separates  in  a  similar  auddenway 
from  the  ripe  fruit,  and  the  seeds  are  forcioly  ejected. 

Fmit  of  dynmosperms. — In  Gymnosperms  there  is  of  course  no 
proper  dehiscence ;  but  in  most  cases  the  carpellary  scales  of  the 
female  cones,  which  are  separate  to  some  extent  during  fertiliza- 
tion, frequently  close  up  together  so  as  to  form  an  apparently  solid 
body  while  the  seeds  are  ripening,  as  in  Pinus,  Cupressus^  Tkuja^ 
&€.  (fig.  309).     The  scales  open  again  when  the  seeds  are  ripe* 
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hit  in  Kme  cases  not  for  many  years,  and  in  otlier  cases  they 
Tp«r«te  from  the  axis.  In  Junipervs  the  scales  become  succulent, 
branvtJie  solitary  omie  is  naked  ;  but  during  the  ripening  of 
±«  seed  a  sacculent  cup-like  envelope  grows  up  round  it, 

fgnna  of  Fruit. — The  forms  of  perfect  fruit  are  distinguished 
V  technical  names,  and  in  defining  them  it  is  desirable  to  classify 
:bnn  in  Hnne  way.  The  classification  which  conveys  the  greatest 
uaouDt  of  information  is  that  founded  primarily  on  the  con- 
jTradion  of  Entits. 

Fruite  may  be  divided  first  into  fret  or  monothalamie  fntitt, 
fomwd  from  single  flowers,  and  eonjluent  fruitt,  fonne<l  of  the 
'Jtiided  flowen  of  an  inflorescence.  The  term  polt/thalamie  has 
Men  wDveniently  applied  to  fruits  of  this  latter  kind. 

/VM/nat(  may  be  divided  into: — 1.  ^/ocnr^u«_^t(s,  where  the 
dutitnent  carpels  are  solitary,  or,  if  more  than  one,  separate ;  2. 
^ncarptnu  fruite,  formed  of  compound  ovaries,  and  consisting  of 
III  raperior  fruit*  when  the  catyx  is  free,  and  (fi)  inferior  fruits 
I'lHo  the  tube  of  the  receptacle  or  of  the  calyx  is  adherent. 

CanJUitat  fruite  require  no  corresponding  subdivision. 

The  fbllowing  are  the  terms  most  uenallj  employed,  and  very  many 
noR  might  ba  enumerated;  but  botanists  now  content  themselvM  with  a 
t>  ireltdefined  types,  and  for  the  reel  use  such  terms  as  capsular,  baccate, 
it-,  to  indicate  the  general  nature  of  the  fruit,  as  more  rigidly  applied 
Inu  ue  not  only  cumbersome,  but  often  fsil  in  practice. 

Apocarpout  Frvitt. 
Ubxaasm. — The  Aehatnium  is  a  small,  dry,  indehiscent,  one- 
mkd  pericarp,  tipped  with  the  remains  of  the  style,  and  with 
'k  feed  free  in  the  uterior,  except  at  the  point  of  ^tachment. 
TLia  fruit  is  rarely  found  solitary,  as  in  Alcheviilla ;  it  usually  forms 
Rg.280. 

Kg.  281.  Kg.  S 
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part  of  a  multiple  fruit,  as  in  Bammcuhis,  Geum  (fig.  289),  &c.,  where 
they  occur  on  a  dry  receptacle  or  thalamus,  or  as  in  tne  Strawberry,  where 
they  occur  imbedded  in  a  succulent  receptacle.  Achtenia  are  popularly 
mistaken  for  seeds,  from  which  they  may  be  known  by  the  stylar  beat 
and  by  the  seed  lying  loose  inside. 

The  term  achsenium  is  often  loosely  applied  to  the  halves  of  Umbel- 
liferous fruits  (fig.  300),  the  cocci  of  Mallows,  the  miculei  or  nuts  of 
Boraginaceae,  Labiatae,  &c.  (the  oarcerule  of  some  authors)  (fig.  282),  and 
to  the  cypseUs  of  Compositae  (figs.  2a3-285). 

Fig.  283.  Rg.  285. 


Fig.  283.  Cymela  of  Seorzonera.  T\%.  284.  CriMeU  of  Biden*. 

Fig.  285.  Cypaela  alioed  vertiGftlly,  to  show  the  Beedwiuiin. 

Drupe. — The  Drupe  is  a  one-celled  fleshy  fruit,  represented 
by  stone-fruits  formed  from  a  single  pistil,  such  as  the  Cherry  or 
Plum,  where  the  stone  is  formed  by  the  inner  part  of  the  pericarp, 
and  the  pulp  by  the  outer  part. 

In  common  stone-fruits  the  drupe  is  solitaiy ;  but  minute  drupes  formed 
on  the  same  plan  are  assemhled  together  on  the  receptacle  of  the  Rasn- 
berrv  and  Blackherry  (fig.  290).  The  term  drupe  is  often  improperly 
applied  to  the  compound  stone-fruits,  like  the  Cocoap-nut,  &c., — or  to  the 
Date,  where  the  stone  is  formed  by  the  seed  alone,  and  the  pulp  by  the 
pericarp  (fig.  280).    Fruits  of  this  general  kind  are  called  drupaceous. 

FolUcle. — The  Follicle  is  a  simple  pod,  splitting  down  the  ven- 
tral suture  only,  and  bearing  the  numerous  ovules  on  its  margins. 

This  rarely  occurs  solitary,  but  mostly  combined  with  others  in  a  circle, 
as  in  AquUegiaj  Sempervkum  (fig.  281),  &c. ',  and  they  are  then  often 
coherent  at  the  base. 

Legume. — ^The  Legume  is  a  one-  or  many-seeded  simple  hnit, 
usually  splitting  down  both  sutures,  with  the  phicentas  on  the 
margins  of  the  ventral  suture. 

In  most  cases  the  legume  is  elongated  and  pod-like  (fig.  286),  as  in  the 
Pea,  &c. ;  but  sometimes  it  is  curved  or  even  spirally  coiled  like  a  snail's 
shell,  as  in  Medicago  (fig.  287),  or  lobed  and  knotted,  as  in  Acacia  (fijj. 285j. 
In  Astragalus  a  spurious  sutiiral  septum  is  formed  by  projection  mward 
of  one  of  the  sutures  (fig.  252). 
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I  a  modification  of  the  l^ume,  eitiier  wholly  )nd&- 
liixeiit,  or  conttiicted  iaW  joints  belween  the  seeds  and  uimeiimee  fallio^ 
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tr  pKM  in  these  situations,  as  in  OntMopui,  Detmodium,  &C.    Id  the 
lunieaiam  of  Cattui  (e.  g.  Catma  J-utida)  there  aie  loAnyftlae  CToxs  septa. 

Fig.  28ft 


^tV*.  MilbiilF  Knit  of  dun,  out  vrrtinllj  (a)to*hawthE  UUcluii«Dt  of  tlie  compoMBt 

iriwiiu  (t)  on  m  dr^  nctptulr. 
^'1,  SQ.  Ifnltipie  fruit  of  BUcklwTTj  (iiiiAfetXflnlTatuAlly.Bhowiikg  tha  tpoofj  itoept^cU 

oomd  with  liUla  dmiiM, 

SynearpovM  JVuttt — Superior. 

Cujopcig. — The    Curyoptia    is    thn  ODe-seeded     fruit    of    the 

brasses,  composed  of  two  or,  rarely,  three  carpels,  which  form  a 

dfr  pericarp  inseparable  from  the  seed.     In  practice  it  is  hardlj 

wct^niable  from  the  achene,  except  in  the  laat-nientioned  charac- 

l2 
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SanUTft^— The  Samara  is    a  two-  or  more-celled,  feir-seeded, 
dij)  indehiscent  fruit,  which  has  «  membranDus  wing  or  wioga 


of  Ifad  ICipla  (Aftr\ 


developed  from  the  pericarp — a8in^(;er(fiE.  291),  Ulmvt  (ip.  292\ 
and  the  littJe  fruits  of  the  catkin  of  the  Birch  (fig.  293).  Pracd- 
calJy  this  may  be  regarded  as  one  or  more  achenes  with  winged 
pericarps. 

PjzIb. — The  Pyxis  is  a  one-  or  more-celled,  many-seeded 
fruit,  the  upper  part  of  which  falls  off  like  a  lid  by  circumsciseilQ 
dehiscence,  as  in  Anagallii  (fig.  274),  Hyoecyamut  (ftg.  294X  L^fy- 
thia,  Ac.  It  differs  from  the  capsule  merely  in  its  transverse  de- 
hiscence. 

Siliqoa. — This  is  a  two-valved  linear  pod,  the  valves  of  which 
separate  septifragally  from  a  kind  of  frame,  with  a  more  or  less 
pmect  false  septiun  {Tephim)  streti;hed  across  it,  the  parietal 
placentas  being  attached  to  the  frame,  as  in  Sinapis  (fig.  295), 
Ckeiranthut,  &c.     It  is  the  characteristic  fruit  of  Crucifers. 

The  SiliaUa  (diminutiTe  of  the  IrbI)  is  merely  a  short  and  broad 
nliqua,  often  most  eipadded  in  the  direction  at  ri^bt  Hn)ilcH  to  the  replutn, 
Uie  valvea  sometimeB  winged— 3WiMp«'  (fig,  296),  CapneUa,  &e. 

'When  the  replutn  la  imperfect,  it  is  said  to  he  Jeueiirate ;  or  it  may  be 
destroyed  altogether.  Some  eiltquns  and  ailiculas  do  not  bunt  by  valies 
— CYambe,  Raphatmt,  iMota  (Sg.  SD7),  &c 

Capavle. — The  Capsule  includes  all  the  remaining  kinds  of 
diT  fruits,  membranous  or  woody,  formed  of  one-celled  or  many- 
celled  compound  ovaries,  wluch  dehisce  more  or  leas  completely  ^ 
regular  valves,  equal  in  number  to  or  double  that  of  the  carpels  {Jri*, 
CMehieum,  Caryophyllaceffi,  DigitalU,  Primula,  4c.),  or  by  pores 
(^Antirrluitum,  Palaver).    Ita  mode  of  dehiscence  may  be  septiddsl, 
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kMofieidftl,  at  Rptifmg&l.  Fraits  of  this  general  character  are  called 
apsdv. 

F!g.  SM.  E^.  890.  Hg.  39G. 


r<{.iM.  Ptidofxr^Hr/omi 


Stfnearpoiu  FruiU — Inferior. 

fStUU. — The  Olatu  is  a  hard,  dry,  iodehiacent  fruit,  apuri- 
fa]y  ose-celled  from  suppreseion,  usually  on&-aeeded,  aeatod  in  a 
penutent  involucre  forming  a  eupule.  In  the  Acorn  and  Hazel- 
nst  there  is  a  siogle  gland  in  each  cupul*  or  cup,  while  in  the  Beech 
ud  Qiestnnt  there  are  several. 

The  OTSTT  at  the  Oak  U  3-c«11ed,  with  two  ovules  in  eaiifa  eell ;  but 
t*o  cells  with  their  ovules,  together  ivith  one  ovDle  of  the  fertile  cell, 
•niiippr«9ied,sndthewal]of  the  ornrj  (fig.  271)  is  converted  into  t  bonj 
(lidl,  completely  filled  by  the  remaining  b^.  The  ovary  of  the  Birch  is 
tIsD  3-celled,  that  of  the  Hazel  2-ceUed,  that  of  tbe  Chestnut  3-8-celled ; 
ud  amilBr  suppreMion  takes  place.  The  inferior  character  of  the  &uit  is 
uvked,  especially  in  the  Chestnut,  by  the  remains  of  the  teeth  of  the 
fil.n  on  tbe  summit  (fi^.  210,  p.  117t.  In  the  Acorn  tbe  gland  is  naked 
>ix"e,  seated  in  a  cup ;  in  the  Hazel  the  leaiycnpule  envelopes  it;  and  in 
^  Ch«etnDt  and  Beech  tbe  spiny  cupule  encloses  ktki'pI  miits. 

Cnmocarp.— The  Cmnoearp  is  a  schizocarpous  or  splitting 
but,  ctHuiflting  of  two  inferior  achsnes  foraied  from  &  two-  or 
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several-colled  compound  inferior  oviuy,  the  cells  of  which  separate 
when  npe  &a  indehisoent  coeei.  The  sepiirate  halves  of  the  t^o— 
celled  fruit  of  Umbelliferai  are  frequently  called  mericarpa  (figs. 
298-300J  (Oalium  and  many  other  Bubiacen,  Ac.)- 


Fig.soa 


F^.  300. 


Fig.  »fl.  Ynit  at  (Stuallu.  at  kti^m  not  tejtiTtMA. 

FiK.£W.  CroHircticni  of  tlu  [niit  oftha  CuToL 

Fig.  300.  Frnll  of  UmbeUifme,  Ibe  msriarp*  Kpusttd  ud  bUKJug  from  Uig  rmrpapii'Xf- 

BaoOA,  or  Berry. — The  Baeea,  or  true  berry,  is  an  inferior 
succulent  fruit,  crowned  fay  the  withered  teeth  of  the  catyz  ;  it  is 
uniformly  pulpy,  with  a  thin  skin,  the  numerous  seeds  being  im- 
bedded in  the  pulp— Gooseberry,  Currant,  Cornel  (fig.  302),  &c. 
The  term  "  hae<xUe  is  now  generally  applied  to  all  succulent  friut«, 
whether  superior  or  inferior,  which  have  not  a  distinct  stone  like  a 
drupe,  as  Sg.  301. 

Rg.803. 


Fig.  SOI 


Tig.  SM.  Bern  of  Oornd  ( Cbmu  ikm) 

Fig.  BOS.  Tpr*<»]  ■or'inh  nf  t>i*  nmn#  r\ 

Fig.  )M.  Ci«  Hstii 


W™liu( 
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Fbb«.— The  Potnvm  (fig.  305) 
111  compound,  m&ny-celleid  buo-  Fig.  806. 

. jlrot  Eniit,  in  which  the  epicarp 
rieshj,  while  the  endocarp  forma 
ri'.her  outilttginous  liniDgB  and 
ptnidoni  to  the  cells  (a  "con" 
'  r  Umj  shells  around  the  more  i 
(c  leM  separated  cells^ — Apple, 
ijuince.  Medlar  (fig.  303),  Ha«- 
tbom,  &c.  The  fleshy  portion 
jf  the  pome  conaiata  of  a  dilata- 
Ma  of  the  upper  end  of  tho 

iover-stalk,  iu  which  the  true  Fomaof  Appt>. 

•itmia  are  imbedded. 

repo. — The  Gourd  is  a  succulent  inferior  one-celled  fruit,  with 
ibewedaon  three  parietal  placentas,  imbedded  in  pulp,  which  often 
ills  up  tiie  cavity ;  the  epicarp  is  more  or  less  leathery  (Cucumber, 
%  3l>l),  or  thickened  and  indurated  (Qourd). 

InfntUKmett  or  Oonfiuerd  Fraitt, 
Sjesou. — ^The  Sycomu  ia  a  succulent  fruit,  formed  of  an  en- 
if)^  fleshy  excavated  or  concave  flowering  axis,  in  which  are  im- 
MAeA  numerous  separate  fruits  with  dry  pericarps.  In  the  Fig 
the  wed-like  pericarps  are  seated  on  the  walls  of  the  internal 
avity  (fig.  306) ;  in  Dorttenia  they  are  imbedded  in  the  coucave- 
iypped  common  receptacle. 

Kr.  308. 

r.g.s»a 

,  Pig.  307. 


Fi«.a0J.  FniilofMttllH!n7(i(i«uiujro). 
Tii,aM.  Frail  of  Piu-i^((.,<Miia«a  Htm). 
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SoroBiB. — The  Sorosu  differa  from  the  foregoiiig  Fi^.  800. 
by  the  subHl&nce  of  the  constituent  pericarps, 
formed  of  the  ovariea  aai  floral  envelopes  of  the 
flowers,  becoming  pulpy  and  confluent  with  each 
other  (Monu,  fig.  307),  and  sometimes  with  the 
succulent  axis  of  the  inflorescence  (Pioe-apple, 
fig.  308,  Bread-fmit). 

Strobiliu. — The  Strohilm,  or  Cone,  is  the  cha- 
racteristic fruit  of  the  Oymnosperms,  consistiiig 
mostly  of  a  conical  or  ovate  mass  of  imbricated 
scales,  with  seeds  in  their  axils  (or  on  their  bor- 
ders, Cyccw),  each  scale  being  the  development 
of  a  single  carpel,  represeuting  a  female  flower 
{Finvt,  tig.  309). 

The  Galbtdia  is  a  kind  of  cone  with  few  ecale«,  which 
have  their  heads  thickened  and  fornuDg  tha  periphery 
of  a  somewhat  globularmMS,  drrCC^TreMiMj,  or  some- 
times succulent  (Jumptnu,  fig.  267). 

The8e4>d. 
Formation  of  the  Seed. — The  consequence  of  the  fecunda- 
tion of  the  ovute  is  the  development  of  an  embryo  in  the  embryo- 
sac  (p.  139) ;  and  during  the  maturation  of  the  fruit  the  ovules  are 
perfected  into  seeds,  the  essential  character  of  which  is,  that  they 
are  independent  reproductive  bodies,  containing  an  embryo  or  rudi- 
mentary plant  at  the  time  when  they  are  cast  off  by  the  parent 
(fig.ailB,.). 

Fig.  310. 

Fig.  811. 


if  Cu>or.uilp]uit<J»»>iu):. 

iirropjfU,  with  BD  ariJtodttnt .,  _,  .-,-_. ,.^  _  ,_,  . ,    ._ 

tyt.  wUh  foliwtoM  i«l>M»iMt  «udt«JW^  poiBtteg  10  th«  munfilr,  J",  f. 
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Ihe  aeed  remains  attached  to  the  placenta  of  the  fruit,  until 
litait,  bj  the  fuiUeulus,  from  which  it  ultimatelj  separates  by  an 
iricuJation,  so  that  a  scar  is  left,  called  the  hilum, 

Tbe  dtreeihn  and  position  of  the  seeds  in  the  cells  of  the  fruit,  as 
HI  u  the  modes  of  curTature,  indicated  externally  by  the  relative  posi- 
sjKof  the  hilum  (fi^.  311,  a),  micropyle  (b),  chalaza  (d),  and  raphe  {c), 
ut  t]te  same  as  in  Uie  case  of  the  ovule ;  and  the  same  terms  are  made 
■K  of  in  describing  their  peculiarities. 

Ilie  bee  of  a  seed  is  the  side  or  edge  turned  towards  the  placenta  from 
TJcch  it  arises. 

The  direction  of  seeds  may  differ  from  that  of  the  ovules,  by  alteration 
ia  tbe  shape  of  the  ovary,  abortion  of  ovules,  &c.  It  may  be  noted  that 
isfttiDpooa  ovules  normaliy  have  the  raphe  next  the  placenta  if  (ucendmg 
C9  appended,  so  that  the  raphe  indicates  the  face. 

Piiti  of  the  Seed. — ^The  seed  consists  of  the  proper  body  of  the 
seed  and  ita  integuments,  to  which  in  some  cases  are  added  appen- 
^im  of  various  kinds. 

lite  outer  coat  of  the  seed,  called  the  testa,  completely  encloses 
it  sarked,  however,  by  the  microscopic  orifice  of  the  micropyle, 
lad  by  the  hilum^  or  scar  of  the  funiculus.  The  testa  presents  the 
greatest  possible  variety  of  conditions  of  texture,  from  membra- 
aw,  homy,  woody,  or  bony  hardness,  on  the  one  hand,  to  a 
Itttlierr  or  soft,  pulpy  condition  on  the  other.  The  dry  forms 
^cquentlv  exhibit  beautifully  regular  markings,  such  as  minute 
?-iges,  reticulations  (Poppy,  Silene,  &c.),  spines  (SteU 
W,  Ac.);  or  the  margins  are  produced  into  sharp  Fig- 312. 
«^  or  broad  wings  {Bignania,  Finns,  fig.  312) ;  or  it  r^*«i^ 
^  a  crown  of  hairs,  or  coma,  at  one  end,  as  in  Epi- 
W»i«i,  Asclepias,  Ac. ;  or  it  is  completely  covered  with 
^ng  hairs,  as  in  the  Cotton  plant :  while  in  various 
Polemooiacesd,  Labiatse,  &c.  (Collomia  <&c.)  it  is  clothed 
^th  microscopic  hairs,  which  expand  elastically  and 
<Hf^lTe  into  a  kind  of  mucilage  when  wetted.  (Some- 
^^  the  testa  is  loose,  and  forms  a  kind  of  sac  around  wiapd  leed 
^  bodv  of  the  aeed,  as  in  Orchidace»,  Pyrola,  Ac.  '^^^' 

llie  mner  inUgument,  the  tegmen  or  endopUura,  is  not  generally 
^^■•^u^gviabable ;  when  it  is,  it  is  usually  whitish  and  delicate. 

Tbe  refereoce  of  the  integuments  of  the  seed  to  their  elements  in  the 
^^isasabject  of  ^[leat  complexity,  since  there  appear  to  be  no  rules 
a  to  wiiat  regions  ot  the  ovule,  from  the  nucleus  outwud,  shall  remain 
^^^tiBguiahabie  or  enter  into  the  composition  of  the  coats.  The  testa  is 
^iBsxwnlyfonned  of  the  primine  and  secundine  (p.  137)  of  the  ovide  con- 
J<^e<L  The  tegmesa  seems  to  originate  sometimes  from  the  secundine, 
""■^^^iaies  from  the  sabstance  of  the  nucleus,  &c.  Small  indehiscent  fruits, 
«M^«  the  aehosoia  ofJUmmeuius  (fig.  313)  or  of  Borages  (fig.  282,  p.  145), 
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an  liable  to  be  MiaUken  for  aeeds  when  detarcbed ;  tb^  tn  known  b; 
the  TBinKiiiB  of  the  style,  uid  by  the  complete  seed  with  ite  proper  cokI 
being  distioguiahable  on  opeaing  the  pencarp  (fig.  313). 

Fig.  816. 
Fig.  8ia  Fig.  314.  Fig.  316. 


rig.Sll.  BectianiifchcMsdaf  lyp'^'llowiDstfaB  Mnlilit  smbrrv  !■  the  niU  of  tba  peri- 

Bperm  or  klbrimfln. 
tig.  31E.  BMbon  of  thn  (sTropaii  ol  Wlmt,  ibowiug  tlu  itniadiat  pcriipeiiB,  ■,  «iu  tit 

nnbrjD,  t.it  IhF  bBH.ontaida 
Fig.  IIB.  BeotioD  oCUieHHlof/ru.iriththaBmbrToniolgHdlBUiaparupcRB. 

Enatioiu  from  the  Seed. — A.  considerable  number  of  seeds 
possess  a  coat  or  appendage  distinct  from  the  proper  int«gumenl, 
and  produced  entirely  during  the  devehpment  of  tht  seed  from  th^ 
ovale — that  is  to  say,  after  the  fertilifflition  of  the  latter.  These 
additional  structures  are  frequently  fleshy  when  mature,  aa  in  the 
Spindle-tree,  Euonynvat,  Podophyllum,  Sk,  The  older  authors 
called  all  the  forma  by  the  same  term,  arillus ;  recent  authors 
diatinguiab  the  true  ariUvt,  which  grows  up  over  the  seed  from 
the  fujiieulus,  like  the  primine  and  secundine,  aa  in  Nymphtra, 
Fassion-flowera,  &c.,  from  the  ariUcde,  which  originates  at  or  near 
the  micropyle,  and  grows  down  more  or  less  over  the  testa,  aa  in 
Baonymut  (where  it  forma  a  pulpy  coat),  in  Euphorbia,  Sieinus 
(fig.  311),  Polygala,  &a. 

The  mace  of  the  Dntmeg  is  an  arillufi,  adhering  both  to  the  hflum  and 
micropyle. 

The  appendages  which  grow  from  the  raphe,  ia  Chdidimium,  .jfoonnn, 
Viola,  &C.,  are  Hometimea  called  etrophtalei. 

The  body  of  the  seed  is  compoaed  either  of  the  embryo  alone,  or 
of  the  embryo  imbedded  in  a  maas  of  tiasue,  called  the  peri^trm^ 
or  dttumen  (figs.  313-320).  Seeda  wherein  the  embryo  la  immedi- 
ately inveated  by  the  int^umenta  are  commonly  called  exaUm- 
tninoua  or  aperispermi«  (figs.  321  &  323).  "Wh&re  peritrperm  e^sts, 
they  are  called  albuminow  (figs.  313  &c.). 

The  term  a&umta,  fomided  u^n  the  functional  analogr  with  the  •II"'' 
men  or  white  of  an  egg,  is  very  mconvenient,  as  it  has  a  distinct  cheniiw 
aeiue,  in  which  it  is  frequently  uaed  in  ^e  cbemical  queationa  of  Testable 


■MI  Tudimeataxj  condition  contain  periaperm ;  but  u  tho  embryo  grows 
:.•  oft«D  •baorlwd,  m>  thM  in  the  ripe  seed  it  is  no  longer  perceptible, 
-i^cimadered  to  be  analt^us  with  the  prothallus  of  the  highei  Crypto* 

Tie  pBrisp«na  varies  toit  macli  is  both  quantity  and  in  texture 
-m  proportion  to  the  relative  magnitude  attained  by  the  embtyo 
I-,-'.  ^13  db  320),  and  in  consequence  of  the  different  mode  of 
Fig.  319. 

Rf.  817.  F%.  8ia 


t    0 


^t-VJ.  tte^im  oftlM  Hid  elLftiim.witli  k pHipherioalljr  earTcd  embiTa, i,  •ORViuidiiii 

Itnf.  B(s(ioa  of^e  iHid  (^  Piprr,  ihcniiu  th*  ambrja  Id  ■  Hpuala  aui  at  Iha  ipa 

oflhaperiinrrai.vbiahliUcrii  boUtm  Id  (b«  middls, 
fiin.  SeotiOQOCUwi  rrnitof  ih*  Ca«i>-iint  PkIih.  ihowiiijt  th«  Sbrou  cpiHrp.  tlia  WDodj   ' 
■adocsrp  («)BncdjWD0  the  hoLlDw  periipvrxa,  in  wlkioh  liea  th«  minute  embrjo. 

tnlopment  of  the  cellular  tissue  and  its  contents  in  different 

Tbe  textnr«  or  consistence  of  the  perisperm  is  termed  mealy 
T  fnriitaeeou*  when  it  may  be  readily  broken  down  into  a  starchy 
%.822. 
FSff.  S20.  -B/i 

Fig.  321.  ^    n 

fanu:  », Ulom;  ft,niia«pjla;>.n|ihgi4cbalu> 


ff ,  tai.  A|iaria|Ti»ic  I 

tf,  V*.  eoArlBaoiifl  f aeparatfld  tn  IDOW  ine  pinmaia,  v/. 
'f'VL  HofooB^Xr^iBaat  vnArjot  rnnofed  from  t2ia  pn-jioaruw  Tartioallj  alioed:  A,  of 

(Mapalmtiit;  B.^Miu<Oat):  a, radicle;  i,  ootrudon;  i,  plumnla. 

fovder  (u  in  Com-gninB  &c.) ;  oily  when  it  is  compoeed  of  soft 
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tissue  loaded  with  fixed  oil  fas  in  the  Poppy  and  Coooa-nut);  mutl- 
laginous  or  fleshy  when  it  is  tougher  and  swells  up  readily  when 
wetted  (as  in  the  Mallow) ;  homy  when  hard  and  more  or  less 
elastic  (as  in  Coffee,  Oalium^  Iris^  &c.). 


The  perisperm  is  usually  a  uniform  mass ;  hut  in  Nyn^^sOf 
(fig.  dlo),  Carmay  and  some  other  plants  the  emhryo  is  contained  in  an 
inner  central  compartment  or  sac  (sometimes  called  the  amniotic  sacs 
so  that  the  perisperm  is  here  douhle.  The  enclosed  portion  is  some- 
times called  the  endosperm ;  the  development  of  this  will  be  described 
in  the  Physiological  part  of  this  work. 

The  uniformity  of  the  perisperm  is  also  destroyed  in  some  seeds  by  a 
peculiar  lobulated  condition  of  the  outer  portion,  the  sinuosities  being 
tilled  up  and  enclosed  in  an  inseparable  layer  of  differentrcoloured  timue, 
giving  a  marbled  appearance ;  this,  which  is  seen  in  the  Nutmeg,  is  called 
a  ruminated  perisperm  or  albumen.  In  the  Cocoaruut  the  penspenn  is 
hollow  when  mature,  containing  the  so-called  milk  (fig.  819). 

The  Embryo. — The  embryo^  or  rudimentary  plant  contained  m 
the  seed,  ordinarily  possesses,  when  the  seed  is  mature,  all  the 
essential  organs  of  vegetation,  namely  root,  stem,  and  leaves,  al- 
though in  a  few  cases  the  leaves  are  undistinguishable ;  ix'hiJe  in 
others  the  embryo  is  a  mere  cellular  nodule  in  the  ripe  seed,  as  in 
OrchidacesB  and  Orobanchacese.  The  embryo  is  the  result  of  the 
fertilization  of  the  germinal  vesicle  or  ooiphere  contained  in  the 
embiyo-sac  (p.  139). 

Parts  of  the  Embryo. — The  end  of  the  embryo  usually  pointing 
to  the  micropyle  is  the  radicle  (figs.  320-323,  ci)  or  rudimentary 
root,  continuous  with  the  lower  end  of  the  axis  which  terminates 
at  the  other  end  in  the  plumule  (figs.  321-323,  c)  or  rudimentaiy 
terminal  bud.  The  axis  itself  is  sometimes  very  short,  being  a  mere 
'*  collar  "  between  the  base  of  the  seed-leaves  and  the  radicle ;  but,  in 
some  cases,  it  is  developed  into  a  well-marked  hypocotyletlonary  axis 
or  tigellum,  distinguishable  from  the  radicle  by  its  cylindrical  form 
(or,  if  conical,  the  point  of  the  cone  is  upwards).  The  nidimentarr 
leaves,  called  cotyledons  (figs.  321-323, 6",  b\  6),  differ  in  number  ifl 
the  two  great  classes  of  Angiospermous  Flowering  plants,  since  in 
the  Dicotyledons  there  are  two  placed  face  to  face  at  the  upper  end 
of  the  axis,  with  the  plumule  between  them  (fig.  321);  and  in 
Monocotyledons  only  one  exists  (or  the  rudiment  of  another  on  a 
different  level),  and  this  is  more  or  less  completely  rolled  round 
the  plumule,  like  the  sheath  of  the  leaf  in  Grasses  (fig.  323). 

The  embryos  of  the  Gymnosperms  are  either  dicotyledonous,  as  ip 
CycaSf  Taxvsy  JuntperuSj  &c.,  or  really  or  apparently po/yco^y/ei/ofu>i»,  ss  io 
Pmus  (fi^.  324),  where  it  is  said  that  the  seeming  wliorl  is  formed  of  two 
deeply  divided  cotyledons. 

Direetioii  of  the  Embryo. — ^The  embryo,  whether  covered  onlj  bj 
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it  c«*8  or  imbedded  in  perispenn,  exhibits  many  yarieties  in  the 
waive  position  of  its  parts :  thus  it  may  be  straight  (fig.  314),  curved, 
MiU,  at  hooked  (fig.  325),  ifpiralltf  coiled  (fig.  326),  or  folded ;  in 

Eg.  833.  Fig.  324.  Fig.  325.  Fig.  828. 


kie  Monoeotjledonoui  seed  of  lPolamog0tont  with  the  coat  remoTed : 
Vmiliele;  ft.  ootjledon:  «i  plomu'e. 
f%A&\.  SabfTO  of  i%MM,  extracted  from  the  perispenn,  snd  the  ootjledonMy  lobes 

■rasnted. 
?kas.Tettual  aection  of  the  teed  of  ^^tdm  B«Uadonna. 
I^m  Vertial  sectkon  of  the  seed  of  the  Hop  {Humulut), 

ie  last  case  the  radicle  may  be  folded  against  the  back  of  one  of  the 
cot;.iedoDB  {incumbent^  fig.  327)  or  against  their  edges  {accurnbent) , 
tk  ootyledoM,  which  are  usually  of  fleshy  texture,  and  vary 
ntiA  in  form^  degree  of  expansion,  and  solidity  in  different  cases, 
vt  occasionally  rolled  or  folded  up  like  leaves  in  leaf-buds  (figs. 
325  £  329) ;  and  these  are  described  by  the  terms  defined  above 
-jukt  the  vernation  of  leaves  (p.  73).  They  are  sometimes  folia- 
'Mi^  as  in  Convolvulus  or  RitsiniLS  (fig.  320),  <&c.  The  fleshy 
bis  occasionally  cohere  very  firmly  in  Dicotyledons  in  the  mature 
i^ji ;  and  they  are  sometimes  of  unequal  size,  as  in  Trapa  natans. 


Rg.  328.  Fig.  829. 


a,ftini<nliu. 

«ib4Ko.  *»«««*wj- - J rurnip-ieed. 

ln§,  (29.  DiootyledoBoas  embryo  extracted  from  the  seed  of  the  Maple  (Aetr), 

Genenlly  the  cotyledons  fonn  the  greater  part  of  the  embryo,  as  in  the 


Vicasr    Textieii  leetumof  the  seed  of  .Elrv«^tan:  a,ftinio 
fSsSs!  Diootyledonou  embryo  extracted  from  a  Tumip-Beed. 
ni  189.  DiootyledoBoas  embryo  extracted  from  the  seed  o 


W  (fig.  821) ;  but  sometimes  they  are  very  small  or  undistmgnishable. 
Tbej  QBnaUy  die  away,  but  in  Wdwitschia  they  remain  to  form  the  only 
ittrei  the  plant  has. 
UbAm  Foaition  of  the  Embryo. — ^The  embryo  may  be  in  the  very 
centre  of  tbe  perisperm  {Polygonum),  excentric ;  completely  external 
^Gnaws,  fig.  315) ;  curved  round  the  outside  .peripherical  (Lychms,  fig. 
^^7\  TV  radicle  j^enerally  points  to  the  hilum  (homoblastie),  rarely 
»vtT  hooi  it  (entmiZtblastic). 
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SYSTEMATIC  BOTANY, 


CHAPTER  I. 

PRINCIPLES  OF  CLASSIFICATION. 
Sect.  1.  Species  and  Geneba. 

Systems  of  ClassiflcatioiL — ^In  throwing  plants  together  into 
groups,  two  methods  may  be  adopted,  constituting  respectively  an 
artificial  or  a  natural  system  of  classification.  Li  the  former,  the 
only  object  is  to  arrange  or  place  objects  in  such  order  that  we  may 
find  them  readily  by  some  prominent  mark,  in  the  same  manner  as 
words  are  arranged  alphabetically  in  a  dictionary.  In  a  ^Natural 
Classification,  the  object  is  so  to  combine  our  materials  that  the 
things  brought  closest  together  shall  have  the  greatest  possible 
agreement;  from  which  it  results  that  a  knowledge  of  ail  the 
peculiarities  of  one  carries  with  it  the  knowledge  of  most  of  those 
of  its  neighbours,  and  enables  us,  from  the  observation  of  a  portion 
of  the  characters  of  a  given  kind,  to  foresee  the  rest.  According 
to  the  derivative  theory  a  group  is  natural  in  proportion  to  the 
accuracy  with  which  it  expresses  the  degree  of  relationship  of  the 
members  of  the  group  to  each  other,  and  of  one  group  to  its  fel- 
lows. If  there  is  no  real  kinship  the  resemblance  is  only  super- 
ficial,  and  the  classification  therefore  artificial. 

Species. — Systematic  Botany  is  founded  upon  the  real  or  assumed 
existence  of  distinct  kinds  or  species  of  plants — a  notion  which 
of  course  belongs  not  to  science  exclusively,  but  is  a  part  of  the 
common  experience  of  the  world.  But  there  is  a  great  difference, 
practically,  between  the  kinds  of  things  accepted  in  the  ordinary 
affairs  of  life  and  the  kinds  admitted  in  science,  more  especially  in 
the  Biological  sciences. 
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There  is  anotber  fact  of  daily  experience  which  is  of  primary  im- 
pTftauoe  in  reference  to  this  point ;  that  is,  the  circumstance  that 
pjuitj  produced  from  seeds  most  commonly  resemble  in  all  impor- 
tut  respects  the  parent  plant  from  which  the  seeds  were  derived, 
i&j  tfaifl  through  an  indefinite  number  of  generations ;  from  which 
3  fallows  that  kinds  or  species  of  plants  are  regularly  reproduced 
br  their  seeds. 

The  definition  of  a  species  can  only  be  considered  as  arbitrary ; 
bat  for  practical  purposes  it  may  be  said  that  a  species  consists  of 
lose  individual  plants  which  agree  in  all  their  important  and  con- 
rjLt  characters,  in  the  same  way  as  do  individuals  of  analogous 
*tnictuie,  which  we  know  to  have  descended  through  a  number  of 
eraeiations  from  a  common  stock,  and  which  therefore  may  be 
isiumed  to  have  been  produced  through  seed  from  an  original 
iiiividual,  or  pair  of  individuals,  of  a  distinct  kind.  To  these 
Bsj  be  added  the  assertions  that  individuals  of  the  same  species 
Bay  be  cross-fertilized,  to  the  improvement  rather  than  the  detri- 
B«nt  of  the  fertility  of  their  seeds,  and  that  they  are  affected  in 
t  generally  similar  manner  by  external  agencies. 

Direnity  of  opinion  still  exists  amount  naturalists  as  to  the  origin  and 
tiitT  of  species.  On  the  one  hand  it  is  assumed  that  every  distinct 
?jta»  originated  in  a  distinct  creation  of  that  form^  which  has  been 
p^rpetoatec^  with  its  essential  characters  imchanged,  through  succeeding 
rsioationa.  It  is  usually  added  by  the  same  school  that,  as  regards 
aLmts,  eveiy  species  originated  from  a  single  prototype,  or  a  pair  of 
pSKQts  where  tne  plant  is  dioecious. 

Od  the  other  hand,  it  is  contended  by  most  modem  naturalists  that 
!f-%iM  mxe  not  necessarily  created  as  we  now  see  them,  but  that  existing 
^/txks  are  the  lineal  descendants  of  those  that  have  gone  before,  and 
ii3Te  or  less  modified  in  course  of  time  by  varying  circumstances,  such  as 
bherait  tendency  to  vary,  the  effect  of  external  agencies,  and  the  com- 
perdtion  of  other  forms.  This  notion  involves  the  conclusion  that  species 
be  not  absolutely  invariable. 

Varieties-— S|>ecies  are  distinguished  by  those  characters  which 
ifflder  present  circumstances  are  constant  so  long  as  the  conditions 
Qcder  which  they  exist  remain  unchanged ;  but  individuals  may  possess 
dber  additional  characters  of  less  importance,  which  are  inconstant. 
Even  as  in  the  human  species  we  find  every  individual  possessing  cer- 
Uin  peculiarities,  so  even  in  almost  to  the  lowest  of  created  beings 
do  ire  find  what  is  called  an  idiosyncrasy,  and  individual  character, 
ckieflv  depending,  in  the  vegetable  kingdom,  upon  the  conditions  under 
Thki  they  have  grown  up.  We  often  find  seeds  from  the  same  parent 
pr.jdudDg  individual  plants  differing  in  the  colour,  size,  and  number  of 
tieir  flowers  and  of  tneir  vegetative  organs,  according  to  the  conditions 
of  climate  and  soil  to  which  we  submit  them.  Very  often,  moreover,  we 
fed  these  diflferences  displaying  themselves  under  what  appear  to  us 
identic^  conditions,  as  is  particularly  the  case  with  many  of  the  favourite 

'^flonst's  flowers  " — such  as  the  Peixrgoniumf  Fuchsia^  Pinks,  Asters,  &c., 
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which  ''sport*'  out  into  numberlees  varieties  when  raised  fitna  aeed 
under  highly  artificial  conditions.  The  occurrence  of  such  TariatioDS  u 
less  common  and,  when  it  occurs,  generally  less  marked  in  wild  plants, 
as  might  naturally  he  expected,  from  tlie  likelihood  of  wild  plants 
maintaining  their  footing  hest  in  a  position  where  the  conditions  are  most 
natural  to  tnem ;  hut  we  do  find  remarkahle  cases  of  variation  in  macj 
wild  species,  as  of  colour  in  the  common  Milkwort  and  the  Colnmbioe 
(AquUeyid) ;  but  most  of  those  kinds  which  exhibit  the  tendency  now 
and  then  in  a  wild  state,  become  extremely  variable  under  culture.  Some 
of  the  variations  are  dependent  simply  upon  modifications  of  the  cell- 
contents  of  certain  tissues,  as  in  the  commonest  of  all  variacioiia,  those  ()f 
colour,  and  in  the  not  uncommon  appearance  of  white  patches  and  streab 
("  variegation  '^  on  the  leases.  Other  variations  are  teratological,  and 
result  mm  the  over-stimulation  of  the  vegetative  system,  causing  th>* 
reproductive  organs  to  degenerate  (of  which  the  ordinary  '' doubling **  if 
flowers  by  the  degradation  of  their  stamens  into  petals  is  an  example)— 
or,  vios  versdf  the  application  of  stimuli  at  particular  epochs,  producinir 
remarkable  development  of  flower  or  fruit.  All  these  variations,  motv 
especially  those  involving  serious  teratological  changes,  tend  to  disappear. 
Common  variations,  of  slight  importance,  mostly  die  out  at  onoe  m  ih: 
descendants  tJiroufi^h  seed,  especially  if  the  conditions  are  varied ;  serious 
departures  from  tne  typical  structure  (teratological  variations)  lead  to 
barrenness  and  incapability  of  continuing  either  the  variety  or  the  species 
by  seed. 

It  is  important  to  note  here  a  fact  which  will  be  more  minatelj 
examined  in  another  place,  namely,  that  although  the  peculiar  characters 
of  varieties  are  commonly  lost  in  seeds,  the  peculiar  form  is  capable  of 
indefinite  proi^agation  by  vegetative  multiplication  through  cuttings  &c., 
the  special  idiosyncracy  being  possessed  in  common  throughout  all  the 
leaf-buds,  both  while  forming  part  of  the  parent  and  after  they  have  been 
detached  from  it  to  form  new  plants,  grafts,  &c. 

A  certain  number  of  species  which  vary  more  or  less  in  a  wild  stste 
exhibit  a  remarkable  peculiarity  imder  systematic  cultivation.  By  strictly 
maintaining  a  certain  set  of  conditions,  varieties  ori^nating  accidentally 
or  through  intentional  treatment  are  made  to  manifest  their  addidonsi 
peculiarities  so  strongly,  that  they  transmit  the  tendency  to  present 
similar  peculiarities  to  their  seeds ;  and  such  transmiiision  goes  on  for  an 
indefinite  number  of  generations,  provided  the  requisite  external  conditions 
are  kept  up.  In  this  way  arise  what  are  called  Saees,  series  of  individuak 
connected  oy  common  characters  and  bv  inheritance,  like  species;  but, 
unlike  them,  liable  to  lose,  in  one  or  a  few  generations,  under  change  of 
conditions,  part  or  all  of  the  essential  characters  by  whicdi  they  are  distin- 
guished. We  have  examples  of  such  races  in  most  of  our  esculent  ve^ 
tables,  especially  in  the  many  varieties  of  form,  more  or  less  permanent, 
derived  from  the  wild  Cabbage  (Brassica  oleracM), 

These,  together  with  Hybrids^  or  the  produce  of  cross-fertilixstioii 
between  individuals  of  distinct  species,  will  be  referred  to  again  among  the 
phenomena  of  the  Physiology  or  Reproduction.  The  determination  of  the 
limits  of  species  is  greatly  obstructed  in  many  cases  by  the  freau^ot 
occurrence  of  varieties,  and  more  particularly  of  races — to  w^ich  hynri^^ 
add  another  complication,  probably  of  less  importance  than  many  modeni 
authors  suppose.    It  appeus  proMtUe  that  the  number  of  real  species  is 
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bs'  maOer  than  is  usually  sapposed,  and  that  manj  lacea,  and  a  large 
r  jmbar  of  frequentlj  recuiring  varieties,  hold  a  place  in  our  existing  lists 
.:  s^eain.  The  rarieties  and  races  above  mentioned  are  considered  under 
:fc«?  derelopment  hypothesis  as  the  initial  stages  in  the  formation  of  new 
f'.'sda,  u  these  variations  are  of  such  a  nature  as  to  enable  the  plant  to 
eiast  itself  better  to  the  conditions  under  which  it  lives,  or  to  sustam  itself 
E  tne  battle  of  life  with  other  organisms,  then  thev  will  be  perpetuated — 
b^cosie  mora  constant,  and  ultimately  attain  such  a  degree  of  relative 
eonstaocy  or  invariability  as  to  be  clamd  as  species. 

Genera. — Whenever  we  examine  a  large  assemblage  of  distinct 
«pedes,  we  shall  find  that  certain  of  these  agree  with  certain  others 
iLon  closely  than  with  the  rest ;  bo  that  we  may  parcel  them  out 
£310  groups,  in  each  of  which  we  shall  find  an  agreement  in  a 
Dumber  of  common  characters,  by  which  it  is  also  distinguishable 
from  the  other  gronps.  Gh^nerally  speaking,  we  shall  find  that  we 
can  place  together  a  number  of  species  agreeing  closely  in  the 
essential  plan  of  oonstmction  of  their  florcU  organs^  while  they 
di&r  in  the  forms  and  duration  of  their  vegetative  oraans^  &c. 
Groups  of  this  kind  are  called  genera  ;  and  the  notion  of  a  genva^ 
\ik&  that  of  a  species,  is  not  only  common  to  all  departments  of 
komaa  knowledge,  but  is  also  existent  in  the  language  of  common 
life  in  its  spedal  natural-history  sense,  only  requiring  for  scientific 
poiposes  to  be  more  strictly  defined.  In  every  language  we  find 
^fiieric  names  applied  to  plants,  such  as  Willow,  £ose,  Violet,  and 
a  bondred  others,  each  of  which  terms  is  indicative  of  a  group  of 
kinds  or  species,  more  or  less  extensive  in  different  cases,  corre* 
ipoQding  exactly  in  its  logical  yalue  to  the  genus  of  the  botanist. 

Some  of  theee  groups  are  characterized  by  very  striking  peculiarities, 
!o  that  even  the  genera  of  vulgar  language  correspond  very  nearlv  with 
t^3ie  of  the  botanist ;  but  in  the  generality  of  cases  the  popular  collective 
fiamea  are  applied  on  superficial  grounds  of  resembluice^  and  include 
videly  diTerse  spedee.  For  example,  the  term  Violet  is  made  to  bind 
together  not  merely  the  common  scented  and  other  true  Violets,  but  the 
DiiBe^a  Violet  {He$peru\  a  plant  of  the  Cabbage  family,  the  Calathian 
Violet  {GenUana  Fiiewnonanthe)y  a  true  and  characteristic  Gentian,  the 
Dog^a-tooth  Violet  {Erythromutn  Dens-Canis),  a  plant  of  the  Lily  family, 
kt. ;  while  the  term  Kose  is  extended  from  true  Iloses  to  CM,  or  Rock- 
nws,  Bhododendrons,  Alpine  Roses,  ftc.  It  is  obvious  here  that  there  can  be 
BO  near  **  blood  relationahip^''  if  we  may  ao  term  it,  between  these  so-called 
fioaea,  &c.  The  classification  of  all  uiese  forms  having  only  superficial 
ifwrnblance  to  each  other  is  a  purely  artificial  classification.  Stul  some 
genera  are  chancterized  in  a  sufficiently  marked  way  for  most  of  their 
eooatitiient  species  to  be  recognised  as  such  pretty  readily,  after  a  very 
small  amoont  of  attentive  examination,  as,  for  example,  true  Roses, 
WiliowB,  Lilies,  &c. ;  and  we  call  such  genera,  includmg  species  of  a 
Tery  marfaed  similariW,  **  natural  genera,  thus  indicating  the  closeness 
of  the  band  that  ties  them  together.  On  the  other  hand,  tne  principle  of 
fffmMitfftiffn  which  accords  with  the  intuitive  daasificajdon  in  those 
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natural  genera  leads  to  the  establishment  of  other  genera  wherein  the 
species  seem  at  first  sight  to  differ  widely,  of  which  we  could  not  have  a 
better  example  than  in  the  genus  Euphorbia^  where  our  native  species  are 
inconspicuous  herbs,  while  the  tropics  afford  species  with  large  spmy 
Cactu»-like  trunks,  &c 

Moreover  the  carrying  out  of  the  same  principle  leads  in  certain  csm4 
to  the  generic  separation  of  species  whidi  present  close  agreement  in 
their  general  characters,  but  are  distributable  into  a  number  of  groups 
characterized  by  very  decided  morphological  diversities  in  important 
parts  of  their  floral  orsfans.  Thus,  in  the  Umbellifersd,  the  Compoatie,  the 
Grasses,  and  some  other  families,  we  separate  generically  species  which 
have  a  great  resemblance  in  the  maj  ority  of  their  characters.  This  happens 
especially  in  what  are  called  very  natttral  families  of  plants,  lai*ge  aseem- 
blagee  oi  genera  so  evidently  connected  with  each  otner  by  the  presence 
of  some  very  marked  peculiarity,  such  as  the  Umbelliferous  inflorescence, 
the  Papilionaceous  corolla  of  the  LeguminossQ,  the  Capitulous  inflores- 
cence of  the  CompositaB,  the  peculiar  spikelets  in  the  Grasses,  &c.,  that  no 
doubt  can  be  entertained  as  to  their  lineage.  On  the  other  hand,  the 
"  natural  genera  '*  occur  mostly  where  the  character  of  the  natural  family 
is  more  la!x  and  flexible,  as  in  the  Ranunculaceee,  Rosacea,  &c. 

In  the  present  state  of  knowledge  it  must  be  admitted  that  a  veiy 
large  portion  of  our  generic  distinctions  are  arbitrary,  and  that  the 
species  included  in  some  genera  a^e  together  much  more  closely  thno 
tnose  combined  under  other  generic  heads.  At  the  same  time  it  cannot 
be  doubted  that  some  genera  are  really  far  more  extensively  represented 
by  species  than  others ;  so  that  the  mere  number  of  kinds  included  in  a 
genus  is  to  be  totally  neglected  in  a  natural  classification ;  and  many  recent 
authors  have  done  disservice  to  science  in  general  by  splitting  up  large 
natural  genera  on  slight  characters  for  the  convenience  of  systemad'sts. 
It  is  far  more  instructive  to  keep  together  the  members  of  laige  natural 
genera,  like  Ficus,  Erica,  Begonia,  &c.,  than  to  subdivide  them  under 
names  which  disguise  their  relations ;  and  the  convenience  of  systematists 
may  always  be  sufliciently  regarded  by  the  establishment  of  sectioM  in 
extensive  descriptive  works. 

Genera  are  groups  of  species  associated  on  acoount  of  agreement 
in  the  essential  characters  of  their  floral  organs ;  but  here,  as  else- 
where in  nature,  variations  from  our  abstract  types  must  be  ad- 
mitted. Some  undoubtedly  natural  genera  include  species  with 
their  floral  organs  varying  in  certain  particulars  more  than  is  ububI 
in  groups  associated  under  a  common  type,  somewhat  as  certain 
species  admit  of  a  wider  range  of  variation  than  others.  Here, 
again,  physiological  characters  become  of  value ;  and  as  in  species 
we  regard  the  fertility  of  the  seeds  produced  by  unlimited  cross- 
breeding between  the  varieties  as  a  proof  of  these  being  individiuls 
of  the  same  species,  so  with  regard  to  genera  it  is  commonly  held 
that  a  generic  connexion  between  diverse  species  is  indicated  by 
the  capability  of  producing  hybrids  by  cross-breeding.  These  true 
hybrids  produced  between  distinct  species  of  the  same  genus  are 
often  barreni  or  only  breed  with  individuals  of  one  of  the  paroot 
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fpedes,  which  soon  eliminates  the  cross,  and  leads  to  a  complete 
reversion  to  that  swedes. 

The  phjBiologiciil  teet  is  oonflonant  with  morphological  evidence.  In- 
tSridiau  of  the  same  species  are  capable  of  indiscriminate  fertilization 
^cuod  thej  are  exactly  alike  in  all  easentials  of  structure.  In  hybrids 
p^aeed  between  two  species  of  a  genus,  the  parents  agree  sufficiently  in 
oiTictiire  to  allow  of  their  producing  a  few  fertile  seeds ;  but  the  plants 
nised  from  these  seeds  contain  two  contradictory  impulses,  which  so  far 
i^ev^eat  the  perfection  of  their  organization  that  they  either  remain  barren 
LT  a  dinociation  of  the  mixed  characteristics  occurs  with^  it  may  be,  their 
^ihixiiate  entire  extinction. 

QoffOL  of  Species— Selection. — Supposing  species  to  have  originated 
fsom  a  few  primordial  forms,  from  which  all  existing  species  have  been 
iEiired,  just  as  individuals  may  be  traced  back  to  a  common  parent  stock, 
tkr  qoesdon  then  arises  as  to  what  causes  have  produced  the  modifica- 
^Kf6A.  Where,  on  this  hypothesis,  there  were  originally  a  few,  or  perhaps 
t  sngie  primordial  form,  to  which  all  then  existing  individuals  mignt 
kre  oeen  referred,  there  is  now  an  infinite  number  of  forms  both  in  the 
lamial  and  vegetable  kingdoms.  How  have  these  arisen?  To  this 
jcesdon  the  answer  given  by  various  naturalists  has  been  different. 

Bv  some  the  variations  have  been  attributed  to  the  influence  of  external 
cQoditions;  by  Darwin  to  an  innate  tendency,  producing  variations  of 
structure,  some  of  which,  under  given  circumstances,  would  be  favour- 
able to  the  progress  and  development  of  the  individual^  and  others  not 
»i.    In  the  battle  of  life,  the  struggle  constantly  going  on  in  animated 
iMivn^  those  variations  most  advantageous  to  the  organism  in  its  compe- 
ls with  others  would  be  preserved  by  ^'  natural  selection,"  while 
mLct  variations  of  less  advanta^ous  character  would  be  obliterated  or 
a^ perpetoatedL     Hence  the  victory  would  be  to  the  strongest;  the 
]we8t  would  go  to  the  wall,  and  tne  result  would  be,  in  Mr.  Spencer's 
Juiguage,  *'  the  survival  of  the  fittest."    It  will  thus  be  seen  that  on  this 
iiTpothesis  species  are  not  considered  immutable,  and  variations,  especially 
iJth  8s  are  advantageous  to  the  organisms,  are  regarded  as  the  starting- 
pi3ULtB  of  new  species.    With  reference  to  these  points  the  student  wul 
dti  well  to  bear  m  mind  that  these  and  kindred  speculations  are  not  to  be 
noted  as  dogmas  or  creeds,  but  as  means  to  an  end,  and  that  end  the 
%}re  perfect  knowledge  of  the  origin  and  relation  of  existing  forms. 
Afiybvpotheffls  or  theory  which  will  serve  to  correlate  and  bind  together 
1  oimiher  of  otherwise  isolated  facts  and  explain  their  interdependence. 
*  vftlaable  not  only  for  what  it  efiects  at  the  time,  but  as  a  focus  around 
vVich  other  facte  may  in  future  be  gathered.    That  hypothesis  is  best 
vluch  serves  to  give  a  rational  explanation  of  the  largest  number  of  ob- 
eyed phenomena  of  the  gveatest  importance.    Tried  by  this  test,  the 
Dirwiiuan  hypothesis,  or,  rather,  the  theory  of  evolution,  has  ^freat  ad- 
noiigeB,  and  presents  on  the  whole  fewer  difficulties  and  less  mconsis* 
t«itded  than  tne  older  hypothesis  of  separate  creation  of  each  species. 
ParticQlarlY  does  this  seem  true  in  the  case  of  the  subject  now  before  us 
—the  classification  of  plants.    The  admission  of  the  principle  of  filiation 
*&d  gemaiogieal  descent  gives  the  natural  system  of  Classification  a  clearer 
cUiffl  to  its  title  of  *^  natural "  than  it  had  hsfore,  supplies  the  explanation 
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of  a  vast  number  of  phenomena  otherwise  inexplicable,  and  offers  plan- 
sible  and  valid  reasons  for  the  existence  of  facts  and  processes  that  were 
previously  considered  either  imintelligible  or  nuipoftless  modifications  of 
an  assumed  structural  type.  The  portion  of  Mr.  Darwin's  hypothegis 
which  has  perhaps  received  the  least  amount  of  assent  has  been  that 
relating  to  natural  selection.  The  idea  was  based  on  that  artificial  pro- 
cess of  selection  by  means  of  which  man  has  been  enabled  progreesively 
to  improve  and  perpetuate  the  different  forms  of  domestic  animals  and 
cultivated  plants.  In  the  latter  case  the  horticulturist  is  erer  on  the 
look-out  for  variations.  If  he  sees  one  that  suits  his  purpose,  such,  for 
instance,  as  a  plant  producing  larger  flowers  than  ordinary,  he  does  all 
that  he  can  to  perpetuate  that  variety  by  carefully  selecting  seed  from  it| 
at  the  same  time  that  he  destroys  or  neglects  other  less  desirable  varia- 
tions. In  this  manner,  after  a  time,  the  selected  variety  becomes  '*  fixed,^ 
and  a  ''  race  *'  is  formed.  On  the  Darwinian  hypothesis  a  selective  process 
is  supposed  to  occur  naturally,  similar  to  that  employed  by  the  gardener 
or  agnculturist  as  just  explamed,  such  selection  or  elimination  lasulting, 
as  before  said,  in  the  survival  of  the  fittest 

Sect.  2.   NoifEKCLATtTBE. 

Names  of  Plants. — ^The  Terminology  of  Botany  establishes  rules 
for  naming  the  parts  or  organs  of  plants,  and  the  different  charac- 
teristics which  those  organs  present.  Nomenclature  deals  with  the 
naming  of  plants  themselves  as  members  or  parts  of  the  Vegetable 
Kingdom  ;  and  it  furnishes  the  rules  for  naming  the  kinds  of  plants, 
and  the  various  groups  or  assemblages  in  which  they  are  assodaied 
in  our  systematic  classifications  of  kinds. 

The  primary  rule  in  botanical  (and  zoological)  nomenclature  as 
laid  down  by  LinnsBUS  is,  that  every  species  shall  have  a  partimlar 
name,  compounded  of  a  suhstantive  and  an  adjective  (or  substantive 
used  adjectively ),  whereof  the  former  indicates  the  genus^  and  the 
latter  the  species. 

This  rule  of  naming  may  be  compared  with  the  common  usage  of  sur- 
names and  christian  names — the  former  indicating  the  family  to  which  a 
man  belongs,  while  the  latter  admits  of  his  being  spoken  or  written  about 
without  the  necessity  of  adverting,  except  for  special  purposes,  to  his  per- 
sonal peculiarities  or  his  relationship  to  the  other  members  of  his  familv. 

These  scientific  names  of  plants  were  originally  established  in 
Latin,  because  Latin  was  the  general  langua^  of  science  at  the 
time  they  were  introduced ;  and  they  wilL  be  retained  with  advantage 
so  long  as  diversity  of  language  exists,  since  they  ensure  to  all  planto 
and  animals  names  which  have  universal  acceptation,  and  which, 
like  the  Arabic  numerals  I,  2, 3,  &c.,  are  equally  comprehensible  to 
the  educated  of  all  nations,  and,  moreover,  they  are  more  definite 
and  precise  in  their  signification  than  ordinary  veniacalar  appel- 
lations. 
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Generic  Hames. — ^The  substaofciye  names  of  genera  have  been 
lod  are  still  formed  very  arbitrarilj,  and  without  any  generally 
TECOgnked  principle. 

AH  tii<Me  which  have  been  identified  as  known  to  the  ancients  are 
eUl^  by  their  daasic  names,  such  as  Prunus,  Myrtu8^  Quercusy  Thymus  y 
ikt^  the  etymology  of  which  is  more  or  less  obscure  in  various  cases.  A 
T^iT  large  proportion  of  modem  generic  names  are  founded  uj>on  com- 
bnkioiw  or  Latin  and,  more  particularly,  Greek  words  indicating  some 
rb\ioii9  external  peculiarity^  or  some  property  possessed,  or  supposed  to 
(tr  possessed,  by  tne  plants ;  but  the  application  of  this  principle  has  often 
betrQ  carried  ont  without  accurate  knowledge  and  without  nappiness  in 
i^iectioiifSO  that  many  such  names  are  but  little  characteristic,  and  would 
s^  apply  more  correctly  to  other  genera.  Those,  on  the  contrary, 
vkicfa  are  well  chosen  afford  a  certain  assistance  to  the  memory ;  exam- 
pies  of  soch  names,  founded  on  stiiicture,  occur  in : — Lithospermum,  so 
Cited  frosn  its  stony  fruit  (or  supposed  seed)  ;  Campanula^  from  its  bell- 
»^iiped  corolla ;  Sagittariay  from  its  arrow-shaped  leaves,  &c. :  on  quali- 
tiA,  in  Gfycyrrhiza  (Liquorice),  from  its  sweet  rhizome ;  Rubia  (Maader), 
bom  yielding  a  red  dye;  Laduca  (Lettuce),  from  its  milky  juice,  &c. :  or 
ca  accustomed  station,  as  Arenaria,  JEpidendruni,  &c. :  others  have 
dedred  their  names  from  supposed  medicinal  powers,  such  as  Pulmonariay 
ScmfhUariOy  &c. 

Akocher  large  class  of  generic  names  is  founded  on  proper  names 
rltW  of  mythological  or  leal  personages,  more  especially  distinguished 
b'taiiistft,  to  whom  the  genera  are  dedicated.  Lmnieus  drew  largely 
^n  classical  mythology  and  legendary  history  as  a  ready  source  of 
direrae  names  for  the  many  newly  defined  genera  he  had  to  deal  with  ; 
ttid  the  names  Iris,  Artemisia,  AmaryUiSy  Narcissus,  &c.  stand  out 
!tit>DgIy  in  their  euphony  from  most  of  those  founded  on  modern  names ; 
nek  oamea,  however,  as  Xinn^sa,  LcheUa,  Dioscorea,  Magnolia  go  far 
*«ci  rescue  the  principle  of  naming  genera  after  botanists  and  their 
pstioiLs  from  the  opprobrium  brought  upon  it  by  such  as  Schumacheria^ 
•VimeftAerto,  Rasoumowskia,  JEschschoUzia,  and  the  like,  and  will  pro- 
tftblj  be  preferred  by  most  persons  even  to  such  '*  characteristic  "  names 
u  Hairoschismaiypus,  OxystophyUum,  Pachypierygium,   GUschrocarytm, 

In  £Ke  of  these  last,  the  pseudo-Latin  barbarisms  Thea,  Coff€ea,  Bam-^ 
i««a,  which  preserve  the  original  nalive  names  of  plimts,  oecome  no 
longer  uncouth. 

Specific  names  are  always  either  adjectives,  or  subsUtntives  used 
idjcttively.  When  they  are  adjectives,  they  must  of  course  be 
made  to  agree  ^dth  the  substantive;  and  it  may  be  recalled  to 
RcollediiHi  that  in  Latin  all  names  of  trees  are  feminine,  whatever 
Dij  be  Uie  termination. 

In  the  malority  of  cases,  the  specific  names  are  selected  on  similar 
frroonds  to  the  generic  Attempts  are  very  commonly  made  to  render 
t1)«  Dame  characteristic,  a  proceeding  which  in  many  cases  affords  a 
Mlam  advBBtoge }  but  when^  on  the  contrary,  it  is  carried  out  in  im* 
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perfect  acquaintance  with  the  species  of  large  genera,  it  leads  to  con- 
tusion. Sometimes  these  names  indicate  the  character  of  the  leaves,  as 
in  Tilia  grandifolia  and  parvifolia,  or  the  existence  of  a  definite  number, 
as  in  Platantkera  hifolia,  Pans  quadrifolia,  &c. ;  or  the  character  of  the 
inflorescence^  as  Btttomus  umbeilatus,  Bromus  racemosuSj  &c.  Or  the 
'^  habit ''  of  a  species  is  indicated  by  such  adjectives  as  major ^  minora 
scandens,  &c. ;  or  its  duration,  as  by  annua,  perennis,  &c. ;  and  in  som^ 
cases  comparisons  with  other  plants  are  marked,  as  in  Banuncuhu  acom^ 
tifolius,  Acer  platanotdes,  &c. 

Generally  speaking,  the  colour  of  flowers  is  too  Tariable  for  specific 
distinctions ;  but  nevertheless  many  species  are  named  from  their  usual 
or  constant  colour,  as  Gentiana  kUea,  Lamium  album  and  pwjmreumf 
Di^itaUs  purpurea,  &c. 

Station,  i .  e.  kind  of  soil  or  place  inhabited  by  a  plant,  is  another  source 
of  names,  as  arvensis  (common  on  ploughed  land),  agrestis^  hortensis  (on 
cultivated  ground  generally),  pratensis  (in  meadows),  sylvesiris  or  sylra- 
ticus  (in  woods), palustris  (m  swamps),  aquaticus  (in  or  about  water),  and 
sativus,  a  term  commonly  applied  to  kinds  regularly  cultivated  from  seed. 
Most  of  these  terms  are  apphed  vaguely,  and  a  similar  want  of  accurecr 
in  the  implied  idea  affects  many  of  the  names  founded  on  the  places 
where  plants  have  been  first  observed,  such  as  Silene  gallica^  Siachys  ger- 
mamca,  Genista  anglica,  &c.,  none  of  which  are  peculiar  to  the  countries 
named,  though  they  may,  in  the  first  instance,  nave  been  considered  to 
be  so. 

Such  names  as  odorata,  suaveolens,  fcetida,  &c.,  expressing  marked 
qualities,  were  formerlv  much  used ;  and  the  adjective  officinalis  is  found 
applied  to  a  host  of  plants  formerly  valued  by  the  herbalists  for  some 
supposed  medicinal  or  economical  property. 

Substantive  names  used  adjectively  are  mostly  names  of  abolished 

Senera,  retained  in  association  with  the  new  generic  term,  as  Ranmncubis 
''lamnnda,  Pyrus  Malus,  Matricaria  Chamofnilla,  Prunus  Cerasus,  &c., — 
these  old  generic  terms  being  in  a  few  cases  double,  as  Adianium 
'*  Capillus-VeneriSf^^  Lychnis  " Flos-cuctdi^^^  &c.  Or  substantive  proper 
names  are  used  in  the  genitive  case,  as  Limnocharis  Humholdtii,  Vwia 
NuttaUU,  Galium  Vai&intii,  The  dedication  to  distinguished  persons 
may,  however,  be  effected  by  adjectival  terms,  as  Salir  Doniana,  &c.,  the 
use  of  the  genitive  noun  being  more  strictly  appropriate  when  it  is  the 
name  of  the  discoverer  or  first  describer  of  a  species,  the  termination  ana 
conveying  a  mere  compliment  and  not  necessarily  implying  that  the 
person  to  whose  name  it  is  afiixed  had  any  thing  to  do  with  the  particular 
plant  in  question. 

Anthorities  for  Names, — If  the  rules  of  scientific  nomenclature  were 
strictly  enforced  under  the  direction  of  a  single  authority,  each  plant 
would  have  but  one  name  (composed  of  the  generic  and  specific  appella- 
tions), and  this  name  would  be  mdissolubly  and  unequivocally  connected 
with  the  idea  of  the  peculiar  species.  But  it  happens  practically  that 
such  is  not  the  fact,  and  this  for  reasons  necessarily  affecting  various 
cases.  Not  unfrequently  it  happens  that  a  plant  possesses  more  than  one 
specific  name,  which  may  arise  from  an  author  naming  it  a  second  time, 
tnrough  entire  ignorance  of  its  having  been  previously  observed,  or  from 
his  erroneously  supposing  a  particular  form  to  be  distinct  from  the  abeadj 
known  and  namea  species.    Almost  as  frequently  in  the  present  day  do 
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find  a  distmctly  recognized  species  denominated  by  more  than  one 
eric  Tame,  while  the  specific  ap]^llation  remains  the  same,  this  ambi- 
f^tr  arising  from  difference  of  opmion  as  to  the  limits  of  genera,  and  con- 
«aejiitlT  as  to  the  group  to  which  particular  species  are  to  be  referred. 

To  cnraie  accuracy,  therefore^  it  becomes  necessary,  whenever  the  name 
df  a  pJaot  is  mentioned  in  a  scientific  worJc,  that  the  authority  for  the 
aame  (that  is,  the  author  who  originated  it,  or  whose  peculiar  application 
of  it  we  adopt)  should  be  indicated.  This  is  done  by  subjoining  an  ab- 
bmation  or  his  name.  Thus,  BelUs  perenniSf  Limi.,  or  L. ;  Inula  Conyza^ 
1<C. ;  PuHearia  vulgarUj  Gbertn.,  signify  that  we  mean  the  species  which 
vere  defined  under  these  names  by  Linnseus,  De  CandoUe,  and  Gaertner, 
Tpfpectively.  In  like  manner  it  is  requisite,  in  the  majority  of  cases, 
viae  the  name  of  a  genus  is  mention^,  to  mdicate  the  authority,  since 
3tBT  ofthe  older  genera  of  Linnieus  and  others  have  been  broJcen  up 
kt.)  a  number  of  groups,  and  the  original  name  restricted  to  one  of  these 
EJiRt  Umited  assemblages. 

SynonyniB. — The  superfluous  or  incorrect  names  "whieh  exist 
Id  isany  cases  cannot  be  neglected  where  they  have  once  acquired 
%  oertain  currency,  because  a  certain  amount  of  existing  knowledge 
is  connected  with  these  names  in  the  works  of  the  writers  who 
bve  used  them.  Hence  arises  the  necessity  of  enumerating  the 
iVfiM^nu  of  plants.  The  citation  of  synonyms  is  of  course  un- 
riecessary  in  general  cases,  where  the  names  of  plants  are  incident- 
&Iiv  mentioned,  so  long  as  the  authority  for  the  name  is  given ; 
Vxx  in  Systematic  works,  such  as  descriptions  of  the  plants  of  a 
ec-untry  or  province,  or  monographs  upon  particular  groups  of 
ptants,  it  is  part  of  an  author*s  duty  to  ascertain  and  indicate 
»J  the  names  which  have  been  applied  to  the  particular  forms, 
ud  the  exact  senses  in  which  different  names  have  been  employed. 
The  synonyms  subjoined  to  a  specific  name  may  indicate : — 1, 
^  the  same  species  has  received  different  names  from  different 
uthors;  2,  that  a  selected  specific  name  includes  the  several  sup- 
l^jsed  or  Teal  species  enumerated  under  it ;  3,  that  the  species  has 
lfc«a  removed  from  a  genus  to  which  it  was  formerly  referred ; 
i  that  a  particular  view  is  taken  both  of  the  generic  and  spe- 
d^  Talne  of  a  plant  concerning  which  opinions  have  varied  in 
both  particulars. 

Hie  following  examples  may  serve  to  illustrate  this : — 

1.  The  name  Oalium  verum,  L.,  has  simple  priority  and  therefore  pre- 
^i«oce  over  O,  hdeum,  Lamarck,  indicating  the  same  species,  which  was 
ttndeatally  or  enroneously  named  by  the  latter  author  a/%er  Linnseus  had 
pTea  it  an  appellation. 

^  A^rottU  alba flhf  includes  A,  compressa,  Willd.,  A.  gigantea.  Both, 
^  ftomiferaf  L.  (in  part),  &c. ;  these  latter  have  been  mistakenly  sepa- 
nted  from  it,  or  subsequently  named  without  knowledge  of  the  identity. 

S>  CuUmea  vulgarisy  Lam.,  is  now  substituted  for  FaguB  Castanea,  L., 
M  the  g«naa  Castanea  is  now  regarded  as  distinct  from  Fagw.    In  many 
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cases  we  find  a  distinct  generic  name  given  as  a  synonym  wheiw  it  is 
reaJly  more  recent,  but  is  rejected  in  fayour  of  the  older  on  the  ground 
that  the  more  recent  generic  separation  is  not  approved  of;  far  instance, 
Apargia  autumnoHs^  Willd.  (OpornUa  autumnalts,  Don). 

4.  Catahrosa  aquatica,  Beauv.,  is  named  in  diverse  works  Aira  aqua^ 
Uca,  L.,  Molmia  aquattca,  Wibel.,  Boa  airoidei,  KoeL,  Glyoeria  aquatiea^ 
Presl,  &c 

The  multitudinous  synonyms  which  fall  under  the  last  cfttegory  are 
attributable  to  the  excessive  tendency  of  modem  writers  to  multiply 
genera  on  slight  ^unds.  Such  minor  subdivisions  are  far  better 
restricted  to  extensive  systematic  works,  on  the  plan  adopted  in  De  Can- 
dolle's  '  Prodomus/  providing  them  with  sectional  names  for  the  exclo- 
sive  use  of  systematists,  and  preserving  the  more  general  name  for 
common  purposes. 

Nomenclature  of  Varieties. — The  varieties  of  species  are  no- 
ticed in  descriptive  works  when  of  frequent  occurrence,  and  then 
are  either  simply  indicated  by  the  letters  of  the  Greek  alphabet, 
or  have  an  additional  adjective  name  like  the  species,  which  plan 
is  especially  followed  in  lists  of  garden  varieties.  In  audi  cases 
either  the  ordinarily  occurring  form  is  taken  as  the  type,  and  the 
series  of  occasional  varieties  is  begun  with  /3,  as — 

Samhucus  nigra,  L,    ,  var.  /3.  leaflets  laciniated  (Hooker 

&  Amott). 

or,  Sambucus  nigra,  L.     /3.  virescens  (fruit  green).     

y.  leucocarpa  (fruit  white).     ?.  ladniata  (leaflets  lad- 

niated).     e.  variegata  (leaves  with  white  streaks), 

Koch. 

Or  if  the  species  is  variable  and  no  one  form  is  considered 
typical,  the  series  begins  with  a,  thus : — 

Fedia  deniata  (Hooker  &  Amott).   a  (  Valeriandla  Monr 

sonii,  DC).     /3  (Fedia  mixta,  Vahl).    y  {Ftdia 

ertocarpa,  £oem.  &  Sch.). 

The  nomenclature  of  cultivated  plants  is  fruitAil  in  examples  of  named 
varieties  in  large  numbers  belonging  to  particular  species,  such  as  CUtrkia 
pftlchella  aiha,  C,  pulehella  rosea,  &c  &c. ;  but  these  names  are  often  ap- 
plied without  scientific  exactitude. 

Hybrids  are  named  according  to  certain  rules  when  tiiey  occur 
frequently  wild  or,  if  obtained  artificially,  when  they  are  propa^ 
gated  by  cuttings,  bulbs,  <&c.  The  names  of  the  two  parent  speries 
are  combined,  thus : — Verhaseum  nigro-Lgchnitis^  a  hybrid  between 
F.  nigrum  and  V.  Lgchnitis.  With  regard  to  artificially  produced 
hybrids,  it  is  possible  to  indicate  the  parentage  with  more  accu- 
racy, and  the  name  of  the  seeding  plant  stands  before  that  which 
yields  the  pollen,  as  Amaryllit  vittato-reginas^  the  form  produced 
when  the  ovules  of  A.  vittata  are  fertilized  by  the  pollen  of  X 
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mwBy  and  tnte  vertd,  Wltere  a  plant  is  known  to  be  of  hybrid 
dgio,  it  is  a  good  plan  to  indicate  the  fact  by  prefixing  x  to 
ti^name. 

The  Domendatnre  of  the  groups  above  genera  is  of  less  import- 
noe  than  that  of  genera  and  species,  and  is  dealt  with  more 
md^p^idently  by  individual  writers.  Artificial  groups  are  gene- 
filly  named  from  the  character  on  which  they  are  founded,  as  in 
(v  case  of  the  Linnean  classes  and  orders.  The  same  is  the  case 
w:di  the  artificial  divisions  which  are  used  in  most  Natural  Ar- 
nr^ements  for  conveniently  subdividing  large  assemblages  of 
Puiilies  or  Orders,  such  as  ThalamiJIoras  &c.  of  De  Oandolle,  Poly- 
f^d(s  Sue,  of  Josaieu.  But  as  the  essence  of  the  Natural  Ar- 
Tupment  of  plants  lies  in  the  combination  of  forms  according 
tj  thd  majority  and  importance  of  points  of  likeness  or  genen2 
(bncter,  we  are  not  necessarily  restricted  by  any  definite  character 
b  ^  selection  of  the  name ;  and  in  regard  to  the  Natural  Orders, 
grat  diversity  of  principle  has  prevailed  in  the  application  of  the 
juies,  and  even  considerable  latitude  in  the  form  given  to  them. 
Iltere  exists,  however,  one  rule  applied  in  all  Latin  naming  of  what 
v?  tenned  Natural  Orders :  the  word  plantce  is  understood^  and  an 
adjective  name  agreeing  with  this  represents  the  group.  In  exist- 
ing systems  we  find  these  adjective  names  founded  sometimes  on 
I  prevalent  character  in  the  family,  as  (plantSB)  Leguminosee, 
Cffiu£ers,  UmbellifenB,  &c. ;  sometimes  on  the  names  of  typical 
fm,  as  BosaoeiB,  SolanacesD,  Convolvulacesd ;  sometimes  on  an 
txking  general  name  derived  from  common  language,  as  Grami- 
sues  and  PalmaoeiB.  A  difference  of  termination  exists  even  in 
i^tud  to  the  same  word  in  different  authors :  thus,  one  author 
^tes  GistinesB,  another  Cistace»,  with  the  same  meaning  ;  while 
c^Ws  use  the  word  AroidesB  in  preference  to  AracesD.  or  PalmaB  in 
pftferenoB  to  PalmaoesB. 

Attempts  have  been  made  to  reduce  all  these  names  to  a  system,  and 
^  pnaerre  the  same  fi>rm  of  termination  for  groups  of  the  same  value. 
TaoB  it  is  proposed  to  make  the  names  of  all  Oraers  end  in  acea^  like 
^uoocnlaoes,  EricaoeaB,  &c.,  the  onlv  objection  to  which  is  the  necessity 
c^dixaidiDg  many  familiar  and  weU-established  names,  and  replacing 
ttem  by  sdwiffe  ones,  as  Apiaceas  for  Umbellif erte,  FabacesQ  for  Legumi- 
^  ic  ^  Classes  "  or  '^  Alliances  "  again  are  made  alike  by  ilsing  the 
^"oaasl  fonn  -ai!e« :  as  Glumales,  instead  of  Glumaceffi  or  Glumifene, 
^tk  gToop  composed  of  the  Orders  with  a  glumaceous  perianth,  &c. 

A  fixed  rule  does  exist  among  all  modem  writers  in  the  denomi- 
1^31^  o!  tuhorders  or  tribes  into  which  Orders  are  divided ;  for 
tbese  tie  founded  on  typical  genera,  the  names  of  which  are  made 
to  famish  adjectives  by  the  substitution  of  eat  for  the  last  vowel 
*^  whatever  may  follow  it :  for  example,  in  the  Order  of  the 
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Eanunculaoese,  we  have  the  tribes  Anemonece  from  AnenunUj  Ban- 
unculece  from  Ranunculus^  Uelleboreoe  from  HeU^rus^  Su^  ;  nod  in 
botanical  works  these  names  of  tribes  are  commonly  printed  in 
italics  like  those  of  genera  and  species,  while  the  names  of  families 
and  all  above  them  are  printed  in  roman  letters. 

The  names  applied  to  the  larger  divisions  of  the  Vegetable  Kingdom  in 
Natural  Arrangements  are  generally  made  as  characteristic  as  possible ; 
but,  as  will  be  shown  in  the  Section  on  Natural  Arrangements,  none  of 
the  single  characters  of  such  groups  are  absolute,  and  therefore  no  name 
founded  on  one  character  can  be  universally  descriptive.  Thus  the 
name  Monocotyledones  is  applied  to  a  most  natural  group,  in  which  are, 
however,  included  one  or  more  orders,  as  the  Orchidacese,  in  which  the 
embryo  has  no  cotyledons.  And  it  may  be  said  that  to  an  advanced 
student  it  is  far  more  beneficial  to  regard  all  names  as  abstract  signs,  u$ed 
rather  to  indicate  certain  plants  or  groups  of  plants  with  which  he  is 
acquainted,  than  as  expressive  of  the  characters  of  the  plants  to  which 
they  are  applied. 

These  ohservations  on  the  nomenclature  of  the  Orders  and  bigher 
groups  of  plants  are  placed  here  for  the  sake  of  connexion  with  the 
remamder  of  the  subject;  but  they  will  be  better  ap[>reciated  aft^r 
acquaintance  is  made  with  the  illustrations  of  them  in  aucoeediug 
Sections. 

Sect.  3.  Description  of  Plakts. 

It  is  the  business  of  every  botanist  who  distinguishes  and  names 
a  new  species  of  plant  to  furnish  an  exact  statement  of  the  charac- 
ters by  which  it  may  be  recognized  by  others. 

The  most  complete  fulfilment  of  this  requisition  is  supplied  in 
what  is  termed  a  descriptum  of  a  plant,  in  which  is  given  a  detailed 
account  of  the  external  form,  the  arrangement  and  relations  of 
all  its  organs,  according  to  a  fixed  plan  and  in  a  fixed  language, 
furnished  by  the  terminology  made  use  of  in  Morphology. 

In  order  to  impress  upon  the  mind  of  the  student  the  principal  points 
to  be  looked  to  in  describing  a  plant,  nnd  thus  to  ensure  completeness  and 
accuracy  of  observation,  we  subjoin  a  list  of  the  more  salient  characteristics 
which  it  is  desirable  to  notice  in  wiiting  a  full  description  of  a  plant. 
Some  of  these  are  of  much  greater  importance  than  others,  masmuch  as  they 
afford  the  means  of  grouping  plants  into  genera  and  orders,  not  only  phy- 
siologically but  morphologically,  &c.,  and  furnish  what  are  called  dia- 
gnostic characters.  From  their  great  importance,  much  stress  is  deservedly 
laid  on  them ;  hence,  after  enumerating  the  principal  *'  characters  *'  neces- 
sary to  be  ascertained  in  drawing  up  a  full  description,  we  shall  insert 
illustrations  of  the  '^  schedules "  introduced  with  so  much  success  for 
teaching-purposes  by  the  late  Professor  Henslow,  and  in  which  attention 
is  drawn  solely  to  those  points  of  special  importance. 

It  must  also  be  borne  in  mind  that  the  terms  used  are  such  as  are  in 
general  usoi  and  are  to  be  taken  in  their  conventional  sense,  and  not  as 
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mmrHjexpTetajtg  the  exact  truth :  thus,  as  has  already  been  explained 
i!er  the  h^d  of  Morphologr,  when  we  say  that  one  organ  is  inserted 
^another,  it  would  be  more  correct  to  say  that  the  one  emerged  from 
ikeoder;  in  the  same  way  many  cases  of  so-called  cohesion  and  adhesion 
ff  4]wny  by  the  study  of  the  progressive  development  of  the  flower,  to 
kntker  cases  of  arrested  separation  than  of  union  of  originally  distinct 

\  describing  a  plant  fully,  a  commencement  is  made  with  the  root, 
bi  which  we  proceed  to  the  stem,  leaves,  inflorescencey  flowers,  and, 
kUj,  the  ripe  fruit  and  seeds. 

in  the  case  of  the  root  the  principal  points  to  be  looked  to  are : — first  its 
livr,  whether  true  or  adventitious ;  then,  in  succession,  its /orm,  dir$e* 
^•A. 'Be,  degree  and  mode  of  ramificationj  dundion,  consistence^  turfaecj 
"'«,&&    Similar  remarks  apply  to  the  stean  and  its  modifications. 

\i(m  require  first  to  be  noted  as  to  their  positioHy  radical,  cauline^  &c ; 
Mrtiw,  fttalked  or  sessile ;  possession  or  deficiency  of  stipules ;  arrange^ 
Ml.  alternate,  opposite,  &c. ;  composition,  simple  or  compound ;  direction, 
tif^y  teztwe,  colour,  and  surface.  The  blade  of  the  leaf  mast  then  be 
^bed  as  to  its  general  form,  outline,  base,  apex,  margins,  mode  of  vena' 
H«  (especially  in  relation  to  the  stalk,  if  present).  The  subdivisions  of 
i  oispottDa  leaf  must  be  treated  in  the  same  manner  as  simple  leaves. 
hfiiole  or  leaf-stalk  has  to  be  noted  as  to  its  form,  surface,  relative 
o.ic  StinuleSj  as  far  as  practicable,  should  be  described  in  a  similar 
ko^  to  we  leaves,  as  also  should,  mutatis  mutandis,  the  leaf -buds. 
^*^  case,  as  also  in  the  case  of  flower-buds,  the  mode  of  vemcisUm  or 
^^li^toNy  aa  the  case  may  be,  should  be  ascertained  and  recorded.  As 
y^  the  uhfioreacence,  the  principal  thioffs  to  be  considered  are  its 
Hm,  dtreetum,  relative  size  as  compared  with  the  leaf,  nature  (definite 
-liefinite),  ramification,  form,  number  of  flowers,  duration,  &c. 

^'^tfewer-ttalks  follow  the  same  rule  as  the  leaf-stalks ;  but  particular 
■Batkm  should  be  paid  to  the  top  of  the  flower-stalk  (the  thalamus) 
•  i(*^  whether  it  be  flat,  convex,  or  concave.  The  bracts  are  described  in 
v-aae  manner  as  the  leaves.  In  the  case  of  the  calyx  and  coroUa, 
ration  should  be  directed  to  their  construction  (cohesion),  relative  posi^ 
-3iidheaon),/onit,  direction,  colour,  venation,  surface,  site,  absolute  and 
^Jtive,  dwYrfiow,  odow,  &c 
.  iaiiTidiii]  sepals  oipetah  should  be  described  in  the  same  way  as  the 

^oKfii  should  be  described  with  reference  to  their  insertion  (adhesion), 
•^WM  (free  or  united),  number,  position,  arrangement,  ske  (with  reference 

'%e  another  and  to  the  other  parts  of  the  flower).  Filaments  present 
^^  cbmcters  to  those  ofiered  by  the  leaf-stalks,  and  are  described 
"tsdiB^y.  Anthers  require  attention  as  to  their  form,  mode  of  attach" 
^^ ^/lament,  shape  and  number  of  their  lobes,  their  mode  ofdehis- 
^^"^  (dour,  surface,  the  form  and  peculiarities  of  the  connective  and  of 
^tppendi^  that  may  be  present.  The  form,  colour,  and  distinctness 
^  fmiaa  of  the  poUenrgrains  should,  if  possible,  be  stated.  This  is  not 
^k?  P'''^^^®  unless  recourse  be  had  to  the  compound  microscope, 
nT*^*^  peculiarities,  then  visible,  should  be  noted,  as  will  be  further 
'leaned  in  the  section  on  Physiology. 

^  the  stamens,  the  characteristics  of  the  disk,  if  present,  should  be 
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noted,  and  then  those  of  the  pistil  as  follows — number  of  the  constitiient 
carpela,  their  isolation  or  eoh^ion  and  arrangement^  their  adhesion  and  rela^ 
Oce  position,  form,  cavities^  partitioHs,  and  mode  of  placeniaiion.  The  sipie* 
require  to  be  noted  with  reference  to  their  position,  nunUter,  size  (retatine 
and  absohite),  form,  surface,  colour,  &c.  Similar  remarks  apply  to  the 
stigma.  The  ovules  difier  in  their  position,  mode  of  attaehmenl,  mumbtr, 
form,  &c  The  fruit  follows  the  same  rules  as  the  pistil  -,  but,  in  addition, 
the  texture,  mode  of  dehiscence,  and  number  of  seeds  must  be  noted. 

Seeds  are  described  much  in  the  same  way  as  ovules,  taking  care  not 
to  overlook  any  of  the  peculiarities  presented  by  the  coverings  of  the  seed 
in  the  way  of  hairs,  scales,  arils,  ana  the  like :  toe  interior  of  the  seed  abo 
requires  special  attention,  to  see  whether  or  not  it  be  a&uminoms  or  eraAit- 
mmous ;  u  the  former,  the  nature  and  quantity  of  the  albumen  should  be 
noted ;  and  in  any  case,  where  possible,  the  form,  position,  directiony  mze  of 
the  embryo  and  its  parts,  the  nature  and  number  of  the  ootyledonsy  &c 
riiould  be  accurately  ascertained. 

The  student  is  recommended  to  take  any  plant  he  meets  witb,  and 
endeavour  to  draw  up  a  description  of  it  with  reference  to  the  foregoing 
scheme.  By  comparing  the  description  of  one  plant  with  that  of  another 
he  will  fiimiliarize  nimself  with  the  main  points  of  difference  between  one 
plant  or  one  organ  and  ano^er,  and  will  learn  to  apply  the  appropriate 
term  to  each  modification. 

The  subjoined  description  of  the  common  white  Dead-Netde  ^Lamium 
album)  is  given  as  an  illustration  of  a  tolerably  completo  description  of 
the  eztomal  peculiarities  of  a  plant ;  it  may  serve  as  a  model  to  the 
student  in  drawing  up  similar  descriptions.  It  is,  however,  advisable  that 
he  do  not  attempt  too  much  at  once.  A  bad  or  careless  description  is 
almost  worse  than  none  at  all ;  hence  the  beginner  is  reconunended  to 
make  himself  pretty  thoroughly  acquainted  with  the  peculiarities  of  such 
organs  as  are  most  easily  studied  before  passing  on  to  oivans  such  as 
ovules,  &c.,  which  require  some  considerable  practice  before  thdr  stnictuie 
and  characteristic  features  can  be  ascertained. 

Lamium  album. — A  rather  coarse  hairy  perennial, with  a  shortly  creeping 
stock,  from  the  joints  of  which,  especially  on  the  lower  surface,  proceed  at 
intervals  numerous  slender,  fibrous,  brownish  roots.    S^ns  1-2  feet  high, 
herbaceous,  decumbent  or  ascending,  fistular,  four-sided.     Leaves  exsti- 
pulato,  opposite,  stalked,  the  upper  ones  nearly  sesule,  hairy,  membra- 
nous, ovate-acute  or  acuminate,  cordate,  coarsely  and  irregularly  toothed, 
unicostete,  arch- veined,  2-3  inches  long,  1-2  inches  broad.    Petiole  leas 
than  half  the  length  of  the  blade,  channelled  on  the  upper  surface,  rounded 
beneath.    Flowers  pure  white,  sessile,  in  axillary  cvmose  whorls  (verd- 
cillasters)  of  6-10  or  more.     Calux  campanulate,  of  ^  sepals,  united  below 
into  a  ^1160  traversed  by  10  ribs ;  limb  divided  above  into  five  nearly  equals 
spreading,  linear,  ciliated  segments,  of  which  the  uppermost  stands  slightlv 
apart  from  the  others.     Corolla  white,  tubular,  bUaoiate,  twice  the  lengtk 
01  the  calyx ;  tube  curved,  ventricose,  as  lonff  as  or  longer  than  the  calyx, 
scabrous  inside,  with  a  ring  of  hairs  near  the  base ;  upper  lip  erect,  concave, 
notehed,  hairy  on  the  outer  surface;  lower  lip  spreading,  3-lobed,  the 
middle  lobe  broad  and  2-lobed,  the  two  lateral  ones  small  and  pointe({« 
Stamens  4,  didynamous,  epipetalous ;  filaments  downy,  springing  from  the 
upper  part  of  tne  tube  of  the  corolla^  partially  concealed  within  the  upper 
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lip.  AnikenmnAtey  Globed;  lobes  superposed,  oblong,  blackish,  introise, 
d^scioff  lon^tudioaUy ;  cotmectioe  covered  with  white  hairs.  Pollen 
r«43owisD  white.  Ovtiiy  small,  truncate,  4-lobed,  4-celled,  enciitsled  at 
ti^  base  bj  a  pale  men,  cup-like  disk.  Ovules  solitary  in  each  cell,  ana- 
cpopsL  iSy/e  sin^i^e,  basilar,  thread-like,  as  long  as  the  corolla,  termi- 
oatuig  in  a  2-lobed  stigma ;  lobes  of  the  stigma  short,  oblong,  pointed. 
FnA  of  four  (or  fewer  by  abortion),  1-celled,  l-seeded,  indehiscent,  blackish 
shining  lobes  or  achenes.  Seeds  solitary,  erect,  inverted,  exalbuminous. 
£wtbrjfo  Binught ;  cotyledons  large,  plano-convex ;  radicle  short,  inferior. 

Such  descriptions  are  now  usually  given  in  a  modem  language 
vhen  occurriog  in  works  descriptive  of  the  plants  of  particular 
coantrieo  and  intended  for  general  use,  &c.  In  general  systematic 
v^orks,  or  in  isolated  notices,  published  in  periodicals  or  Transactions, 
addressed  more  particularly  to  proficients,  the  Latin  language  is 
u<«uaUy  preferred,  as  it  is  understood  by  botanists  of  all  na^ons  and 
ia  less  vague  in  its  application. 

Detailed  descriptions  are  commonly  given  only  where  new  spe- 
cies are  established,  or  when  an  uncertain  nomenclature  is  to  be 
mide  dear  and  definite,  in  a  monographic  or  a  general  systematic 
vork.  The  classification  of  plants  into  genera,  families,  &c.,  in  the 
Natural  System,  renders  the  repetition  of  the  peculiar  marks  of 
these  groups  unnecessary  in  the  characterization  of  the  subordinate 
groups  or  forms.  For  this  reason,  eharMters  and  diagnoses  com- 
monly replace  the  complete  descriptions  of  species  in  ordinary 
descriptive  botanical  works,  since,  as  the  character  of  the  genus 
includies  those  peculiarities  of  the  floral  organs  which  are  common 
to  aU  its  species,  and  which  constitute  the  bases  of  the  genus,  it  is 
only  requisite  to  connect  with  each  species  the  character  by  which 
that  species  is  distinguished  from  others. 

The  following  condensed  description  of  the  white  Dead-Nettle,  from 
Bentham's  '  Handbook  of  the  British  Flora,'  will  show  how,  when  the  cha- 
ncten  of  the  order  and  genus  are  known,  a  faithful  portrait  of  the  species, 
ind  one  comprising  the  most  conspicuous  features  only,  may  be  drawn  up: — 
**  A  rather  coarse  hairy  perennial,  with  a  shortly  creeping  stock,  and  decum- 
bent or  ascending  branchingstems,  selJom  above  a  foot  high.  Leaves 
stalked,  coarsely  crenate.  Flowers  pure  white,  in  close  axillary  whorls  of 
6-10  or  more.  Calyx-teeth  fine,  long,  and  spreading.  Tube  of  the  corolla 
carved  upwards,  and  lon^r  than  the  calyx,  with  an  oblique  contraction 
near  the  Mse,  correspondmg  with  a  ring  of  hairs  inside;  the  upper  lip 
loDff  and  arched ;  the  lateral  lobes  of  the  lower  one  slightly  prominent, 
with  a  long  fine  tooth."  Then  follows  an  account  of  the  station  in  which 
the  plant  is  found,  and  of  its  geographical  distribution  throughout  this 
country  and  the  continent 

Value  of  Characters. — ^Having  gained  a  general  idea  of  what  points 
ire  to  be  looked  to  in  drawing  up  a  description  of  a  plant,  and  having  ac- 
(^uired  a  familiarity  with  the  meaning  ana  application  of  terms,  it  is  par- 
ticularly desirable  that  the  student  should  be  able  to  form  an  estimate  of 
the  rdatios  wUue  and  importance  of  characters  for  practical  purposes :  fbi 
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instance^  those  characters  which  serve  im  identify  and  disdngnish  Isr^ 
groups  of  plants  are  of  more  consecj^uence  than  such  peculiarities  as  pertain 
merely  to  small  groups  or  to  individual  plants.  With  a  view  to  fix  the 
attention  on  the  more  important  or  cardinal  characters,  those  which  are 
of  most  use  in  drawing  up  a  diagnosis  of  a  plant  or  of  a  group  of  plants,  a 
form  of  schedule  is  ffiven ;  and  the  pupil  is  recommended  to  make  similar 
ones  for  himself,  and  hy  their  aid  to  draw  up  an  account  of  the  more  im- 
.portant  characters  of  any  flowers  he  meets  with,  checking  them  and  com- 
paring them  with  the  descriptions  given  in  books,  or  with  the  instnictioiu 
of  his  tutor.  These  schedules  should  be  kept  for  comparison  virith  others 
relating  to  other  plants ;  and  by  this  method  a  practical  insight  into 
plant-construction,  and  the  relationships  of  one  plant  to  another,  may  be 
more  speedily  and  thoroughly  obtainea  than  by  any  other  means.  The 
schedules  here  inserted  by  way  of  illustration  are  filled  up  from  a  Common 
Buttercup  {JRanunculus)  and  from  a  Dead-Nettle  (Lanuum),  The  cha- 
racters therein  given  are  sufiicient  to  enable  the  student  to  determine  the 
orders  to  which  the  plants  belong,  which  is  the  first  and  most  important 
consideration ;  but  tney  are  not  sufficient  to  indicate  the  ffema,  still  less 
the  particular  species.  To  discriminate  these  minor  groups,  recourse  must 
be  had  to  the  other  peculiarities  presented  by  the  plants  in  question,  aa 
before  detailed. 
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Generic  Character. — ^The  generic  charade  is  perhaps  the  most 
important  element  in  Systematic  Botany.  It  should  contaia  a  short 
description  of  the  peculiarities  of  the  group,  so  as  at  once  to  cha- 
racterize this  as  it  exists  in  itself,  and  to  furnish  the  means  bj 
which  it  may  be  distinguished  from  all  other  genera  belonging  to 
the  same  division  of  the  Vegetable  Kingdom.  The  following  ex- 
ample of  the  character  of  the  genus  Campanula^  Linn.,  as  given  in 
Endlicher's  *  Gtenera  Plantarum,'  will  illustrate  this  : — 

^^CampanuUij  Linn. — Caiyx  with  an  ovoid  or  subspherieal  tube  adherent 
to  the  ovary,  the  limb  superior,  five-toothed ;  the  teeth  either  flat  at  their 
mar$^:ins  or  decurrent  into  lobes  overlving  the  sinuses.  Corolla  inserted 
at  the  summit  of  the  tube  of  the  calyx,  more  or  leas  campanulate,  five- 
1  ibed  or  five-toothed  at  the  apex.  Stamens  five,  inserted  with  the  corolla ; 
filaments  broadly  membranaceous  at  the  base,  and,  with  the  antiiers,  &$e. 
Ovary  inferior,  three-  or  five-ceUed ;  cells  superposed  to  the  lobes  of  the 
calyx.  Ovules  numerous,  on  placentas  projecting  firom  the  central  angles 
of  the  cell,  anatropous.  Style  covered  with  quickly  dedduous  hairs ; 
stigmas  3-5,  filiform.  Capsule  ovate  or  turbinate,  S'&^lled ;  cells  burst- 
ing near  the  top  or  bottom  by  a  parietal  valve  turning  upward.  Seeds 
numerous,  mostly  ovate,  flattened,  more  rarely  ovoid  and  very  small 
Embryo  orthotropous,  in  the  axis  of  fleshy  albumen ;  cotyledons  very  short ; 
radicle  next  the  hilum,  centripetal. 

"  Perennial  or  annual  herbs,  sometimes  low  and  tufted,  sometimes  erect, 
tall,  many-flowered,  diffused  through  all  the  temperate  and  cool  regions 
of  the  northern  hemisphere,  forming  a  great  ornament  to  meadows  aad 
groves ;  radical  leaves  very  often  larger  and  more  obtuse,  with  longer 
stalks;  stem-leaves  alternate,  varying ;  flowers  mostly  stalked, racemose, 
rarely  spiked  or  in  clusters,  very  often  rather  large,  blue,  or  sometimes 
white  in  the  same  species." 

The  first  paragraph  here  contains  the  essential  character  of  the 
genus  ;  the  second  paragraph  is  a  description  of  the  general  cha- 
racters of  the  species  belonging  to  it,  which  is  usually  appended  to 
such  complete  generic  charact^. 

It  will  be  observed  that  this  seneric  character  not  only  enables  ns  to 
distinguish  plants  belonging  to  this  group,  but  describes  the  genus  so  fiiUy 
that  we  become  acquainted  with  sll  its  important  peculiarities,  while, 
being  drawn  up  irrespectively  of  any  Order,  alliance,  or  class,  it  is  equally 
available  as  material  for  any  Natural  or  Artificial  classification  of  Flower- 
ing plants  founded  on  the  floral  organs,  since  it  contains  the  infonnation 
requisite  for  ascertaining  its  relations. 

Diagnosis. — The  diagnosis  of  a  genus  is -more  limited  in  its 
nature  and  purpose.  It  is  used,  when  genera  are  described  under 
fixed  systematic  heads  simply  for  distinctive  nurposes;  and  it  is 
therefore  confined  to  denoting  what  is  absolutely  necessary  for  this 
purpose.  Thus,  in  BabingtWs '  Manual  of  British  Botany,'  the  genus 
Campanula  occurs  under  the  head  of  the  Order  Gampanulacese,  the 
character  of  which  includes  much  of  what  is  given  in  the  generic 
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efaanieter  of  Campanula,  above  dted ;  so  that  it  suffices  for  the 
distmetion  of  Cctrnpanula  from  its  allied  genera  to  give  the  following 
:»rief  abstract,  or  diagnosis  :— 

^  Chmpanula : — Cafyx  ^-parted.  Cor,  mostly  bell-shaped,  tcith  5  broad 
lad  filullow  segments.  Anthers  free ;  JUaments  dilated  at  the  base. 
Sti^mm  3-^fid«  Ct^pside  not  elongated,  3-5-celled,  opening  by  lateral 
pores  outside  the  segments  of  the  calyx." 

It  IS  seen  at  once  that  this  diagnosis  fails  to  furnish  the  complete 
notion  of  the  genus  which  is  obtained  from  the  descriptive  character, 
and  that  it  does  not  suffice  to  indicate  the  position  of  the  genus, 
ehher  in  a  Natural  or  Artificial  classification.  On  the  other  hand, 
for  its  own  especial  purpose  (that  is,  of  indicating  the  distinctions 
between  allied  genera),  it  may  be  even  still  more  reduc^,  as  is  often 
done  in  works  describing  the  plants  of  a  limited  district,  where  only 
\  few  genera  occur  in  the  natural  order ;  for  example,  we  might 
p^  diagnoses  of  the  British  genera  of  Campanulacete  in  this  way — 

X  CoioDa  rotate,  segments  linear ;  anthers  cohering  at  the  base. 

1.  Jasume. 
CoioDa  rotate,  with  linear  segments  panthers  free.  2.  Phyteuma, 
E  CcnoUa  mostly  bell-shaped,  with  broad  and  shallow  segments ;  an- 
thers free. 
Capsule  not  elongated,  opening  by  lateral  pores  outade  the  seg- 
ments of  the  calyx 3.  Campanula. 

Capsule  linear-obbng,  prismatic,  opening  by  lateral  nores  be- 
tween the  segments  of  the  calyx 4.  Spectuaria. 

Capsule  half-superior,  opening  by  3-5  valves  within  the  s^ 
ments  of  the  calyx 5.  Wahlenbergta, 

Spedfie  Character. — ^The  specific  character  of  a  plant  should 
oention  all  t^e  constant  distinctive  pecuHaritieB  of  a  species.  On 
the  one  hand,  it  should  exclude  the  generic  characters  which  ally  it 
toother  species  of  the  same  genus;  on  the  other,  it  should  exclude 
the  inconstant  characters  which  distinguish  its  own  varieties.  But 
the  character  of  its  ordinary  varieties,  if  such  exist,  may  be  given 
in  a  supplementary  paragraph,  like  that  appended  to  the  full 
0»ierie  character.  The  distinctive  characters  of  species  are  usually 
ioand  in  the  organs  of  vegetation,  as  the  root,  stem,  leaves,  bracts, 
snd  mfloiesoenoe,  or  in  the  habit  or  duration  of  the  plant.  The 
floral  organs  mostly  only  give  specific  characters  in  their  less  im- 
portant peculiarities — as  in  the  shape  and  relative  magnitude  of 
tbe  petaUy  the  external  characters  of  the  fruits  and  seeds,  &c. — 
tbe  more  remarkable  peculiarities  being  of  generic  value.  The 
sopplementaiy  notices  appended  te  the  strict  character  of  the  spe- 
cies generally  relate  to  the  ordinary  dimensions  of  the  plant,  the  * 
colcmr,  taste,  smell,  ^.  of  its  organs;  these  are  the  marks  by  which 
the  varieties  are  usually  characterized,  as  will  be  seen  by  referring 
to  sDv  catalogue  of  varieties  of  the  ordinary  cultivated  vegetables. 
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The  apecific  character  will  neceasarilj  yaiy  in  length  according  to  the 
richness  of  A  genus  in  species,  some  containing  many  hundredB,  while 
others  comprise  but  a  single  one.  When  the  genus  contains  but  a  onglti 
species,  as  tne  Hop  {Humulm  Ltqndus),  the  generic  character  alone  suflBces 
for  distinguishing  it;  but  a  specific  character  is  even  then  civen  with 
adyantage,  indicating  points  wnich  are  not  induded  in  the  stnct  generic 
chajracter.  Where  a  large  number  of  species  exist,  the  genus  is  generalh 
broken  up  into  artificial  sections,  characterized  by  Bome  mark  occurnng 
regularly  in  a  certain  number,  which  are  thus  placed  under  one  bead: 
this  saves  the  necessity  of  repeating  that  character  for  each  species.  It 
is  also  common  in  moaem  works  to  combine  a  diagnosLs  with  tne  rapecific 
character,  by  marking  in  italics  the  especial  distinctive  marks  of  each 
species  occurring  in  a  particular  group. 

The  following  examples  will  make  this  more  clear: — 

Of  Syrinpaf  JL.,  only  six  species  are  described  in  De  Candolle's  *  Pro- 
dromus,'  beiog  all  that  were  known  in  1844.  The  specific  character  of  the 
common  Lilac,  Sifringa  vulgaris^  could  thus  be  given  in  a  few  words : — 

"  8,  vulgaris^  L.  Leaves  cordate  or  ovato-cordate,  quite  smooth  and  of 
even  colour ;  limb  of  the  corolla  subconcave.'' 

Four  varieties  are  characterized,  chiefly  distinguished  by  the  oolotm  of 
the  blossoms. 

TumiDg  to  the  ffenus  Campanula  in  the  same  work,  we  find  no  ksp 
than  182  species.  JBeing  a  very  natural  genus,  the  species  are  kept  toge- 
ther under  one  generic  name,  but,  for  convenience,  tney  are  arranged  in 
sections  and  subsections.  Thus  fifty-eight  of  them  are  characteriaed  bj 
the  presence  of  appendages  on  the  sinuses  of  the  calyx,  such  as  we  find  in 
the  garden  Canterbury  Bell  {Campanula  Medium),  while  the  remainder 
are  without  these.  The  second  section,  of  124  species  (among  which  are 
included  all  our  native  kinds),  is  further  divided  into  subsections,  cha- 
racterized principally  by  the  peculiarities  of  the  eapstde,  and  these,  again, 
into  groups  according  to  the  land  of  inflorescence^  &c. ;  so  that  when  we 
come  to  the  specific  character  itself  none  of  these  points  have  to  be  re- 
peated, and  the  definitions  are  restricted  within  very  narrow  limits,  as  for 
instance : — 

"  C  rottmdifcUa,  L.  Radical  leaves  stalked,  cordate,  rounded,  crenato- 
dentate ;  stem-leaves  linear  or  lanceolate ;  teeth  of  the  calyx  awl-shaped, 
erect,  one-third  the  length  of  the  bell-shaped  corolla." 

In  a  work  devoted  to  a  limited  flora,  as  tiiat  of  Britain,  where  there  exist 
only  eight  species  of  Campanuia,  we  may  adopt  the  sectional  divisions, 
ana  limit  the  specific  character  as  above,  or  give  a  longer  character,  in- 
cluding the  marks  of  the  sections ;  the  latter  plan  is  the  better,  where 
space  is  not  an  olject,  since  it  makes  the  character  itself  more  instruGtive. 
Thus,  in  the  '  British  Flora,'  we  find— 

"  C,  rotundifolia,  L.  Glabrous ;  root-leaves  subrotundo-cordate,  en- 
nate  (very  soon  withering),  lower  cauline  ones  lanceolate,  upper  linear 
entire;  flowers  solitary  or  racemose,  droopng;  calyx-segments  subulate; 
capsule  drooping,  with  the  clefts  at  the  base." 

In  Babington's  'Manual/  on  the  contrary,  where  the  subsections 
founded  on  the  capsule  are  adopted,  this  mark  is  omitted  in  the  essential 
character : — 

"^  C.  rottmdifoliay  L.  JRadkal  leaves  cordate  or  reniform,  shorter  than 
their  stalks ;  stem-leaves  luiear,  the  lower  ones  lanceolate ;  Jlowers  ai^  or 
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man,  neemoie ;  corolla  turbinate-campanulate. — Stem  6-12  inches  high, 
fisdical  leares  soon  Tftnishing ;  corolla  blue ;  calyz-segmento  linear- 
sabulale.'' 

This  example  further  illuBtrates  the  method  of  giving  a  diagnotia  at  the 
auBe  time,  by  iUdickmg  the  characters  by  which  the  species  is  distin- 
rdifaed  from  its  nearest  allies ;  it  also  shows  the  manner  in  which  expla- 
BntDcy  or  descripliTe  notices  are  added  in  a  supplementary  paragrapn  to 
die  essential  specific  character. 

lastly,  if  we  have  to  deal  with  a  limited  number  of  species,  such 
tt  die  British  Bell-flowers,  to  which  we  have  just  referred,  we 
Bay,  for  simple  purposes  of  distinction,  construct  a  diagnostic 
tible,  like  tliat  above  given  for  the  genera  of  Campanulaoeie. 

flowers  sessile,  in  terminal  or  axillary  clusters ;  cap- 

eiile  sessile,  erect^  with  the  pores  at  the  base    .    •     C  glomerata* 
Flowen  in  racemes  or  panicles ;  capsule  stalked. 
CMsule  nodding,  with  the  pores  at  the  base. 
Flowers  in  a  unilateral  raceme,  segments  of 

calyx  ultimately  reflexed C  rapunc^ides. 

Flowers  racemose,  segments  of  calyx  always 
erect. 

Peduncles  1-flowered  .    • C,  latifolia. 

Peduncles  2-S-flowered C.  Trachelium. ' 

Flowers  on  long  slender  stalks,  solitary,  or  in 
a  lax  few-flowered  corymbose  raceme    .     .     C.  rotundifoKa,  * 
Capsule  erect,  with  the  pores  just  below  the 
segments  of  the  calyx. 
Segments  of  the  calyx  entire. 

Segments  of  the  calyx  lanceolate ;  raceme 

lew-flowered,  or  flower  solitary      .    .     C.  persieifolia, 
Se^mentsofthecalyxawl-shaped ;  flowers 
in  an  erect  racemose  panicle .    .    «    .     C  Hapuncfdus. 
Sarments  of  the  calyx  toothed  at  the  base ; 
flowers  panided,  erect,  on  long  stalks     .     C.  patula, 

A  few  of  the  general  rules  observed  in  writing  descriptions  of 
plants  may  be  mentioned  here,  as  explanatory  of  certain  techni- 
oHties  which  wiU  be  met  with  in  systematic  works. 

The  generic  name  is  always  commenced  with  a  capital  letter, 
while  that  of  the  spedes  is  usually  written  small :  but  we  find  in 
most  books  a  capitu  letter  to  the  specific  name,  1,  where  this  name 
is  the  appellation  of  another  existing  or  suppressed  genus  used  ad- 
jectively,  as  Agrimonia  EupaJtorium^  Mentha  FuUgium,  &c. ;  2,  where 
tbe  spedific  name  is  formed  from  a  proper  name,  either  as  the 
^nitive  case  of  a  substantive  or  in  the  adjective  form,  as  in  Scirpus 
^u  and  Cartx  Davalliana.  Specific  names  derived  from  ooun- 
tiies  are  now  usually  written  small,  as  SiUne  anglica. 

\^1ien  a  generic  character  is  written  in  Latin,  the  descriptions 
of  the  organs  are  ail  put  in  the  nominative  case ;  in  a  specific  char 
ncter  they  are  put  in  the  ablative. 

IT  2 


180  BTSTEMATIC  BOTAin. 

When  describing  a  species,  it  is  usual  to  subjoin  its  habitatioij 
{Habitat) — that  is,  the  nature  of  the  places  in  which  it  is  usuallj 
found,  such  as  '*  Woods,"  "  Dry  hilly  places,"  "  Eivers,"  Ac.  Is 
general  systematic  works  the  native  country  or  province  is  stated ; 
in  works  relating  to  limited  districts,  special  localities  are  given  io\ 
rare  plants. 

The  following  marks  and  abbreviations  are  commonly  in  use  tc 
indicate  certain  other  points : — 


© 
© 


\j  or  A  =an  annual  plant. 

2)  or  B  ssa biennial. 
%    or  P  sa  perennial. 

Shasa  shrub. 

T  =a  tree. 


d*  t  &  T^^^  flower. 

$ ,  a  female  flower. 

^  y  an  hermaphrodite  flower. 

(^  $ ,  a  moncBcious  plant. 

c^  -  $  y  a  dioecious  plant. 


The  time  of  flowering  is  indicated  by  numbers,  referring  to  the 
months,  as  6-8  or  vi-viiis  June  to  August,  ^,    (See  also  p.  103.) 

Many  other  signs  are  met  with  in  Systematic  works,  but  they  are  very 
often  used  in  diflerent  senses  by  diflerent  authors,  so  that  no  general  ex- 
planation of  them  can  be  given  ;  moreover  the  sense  in  which  they  are  used 
IS  geneially  explained  by  the  author. 


CHAPTER  II. 
SYSTEMS  OF  CLASSIFICATION. 

Sect.  1.  Artificial  CLABSincATioK  or  Plaitts. 

An  arrangement  of  all  known  species  of  plants  in  a  series  of 
classes,  constituted  upon  certain  fixed  principles,  forms  what  is 
termed  a  System  of  Vegetables. 

The  classification  of  plants  by  generalization,  the  Synthetic  or 
Natural  Method,  is  adopted  in  all  cases  in  forming  the  groups  of 
the  lowest  rank,  namely  Genera.  These  are  established  by  the 
combination  of  a  number  of  allied  species  under  one  name,  on 
account  of  their  affinities;  and,  as  we  have  already  mentioned, 
the  same  genera  are  used  in  all  CUssifications. 

From  this  point  Systems  diverge.  The  Natural  Method  is  pur- 
sued further  on  the  same  principles  of  generalization,  where  the 
object  is  to  systematize  acquired  knowledge,  mark  the  agree- 
ments and  determine  if  possible  the  lineage  of  plants.    Where,  on 
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tlie  Other  haxid^  it  is  chiefly  desired  to  mark  out  the  differences  of 
pkatd,  in  order  simply  to  their  easy  recognition,  Artificutl  Methods 
IK  resorted  to,  which  are  carried  out  by  a  principle  of  analysis^ 
vbereby  the  whole  mass  of  known  forms  is  taken  and  gradually 
pMcelled  out  into  Classes,  Orders,  &c.,  according  to  their  agree- 
ment or  di&rence  in  certahi  iiied  characters. 

Most  of  the  older  systems  were  more  or  less  Artificial,  the  earliest 
commencing  with  the  division  of  plants  into  Trees,  Shrubs,  and 
Herbs,  Land -plants  and  Water-plants,  and  the  like.  As  advances 
vere  made,  organs  of  more  and  more  importance  were  chosen  to 
famish  characters ;  and  we  find  plants  subsequently  classed  by 
tbfeir  corollas^  by  th&vr  fruits,  &c.;  but  in  none  of  the  systems  pro- 
posed before  the  time  of  LinnsBus  do  we  find  one  given  principle 
curied  out  through  the  whole. 

Ihe  IdJUUBaa  System. — When  Linneaus  entered  upon  his  labours, 
^lere  lay  before  him  a  mass  of  information  in  a  very  unmanageable 
conditiDn.  His  reforming  genius  introduced  order,  in  the  first 
instance,  by  the  substitution  of  short  fixed  names  for  species,  on 
the  binomial  plan,  by  the  definition  and  secure  establishment  of  im- 
perfectly characterized  genera  and  species,  and  then  advanced  to 
tbe  necessary  task  of  arranging  the  genera  so  as  to  render  them 
recognizable.  The  artificial  methods  founded  on  the  floral  enve- 
lopes kc.  had  proved  insufficient ;  and  therefore  he  turned  to  the 
eaeiUtoi  organs  of  flowers,  the  physiological  importance  of  which  he 
Himself  contributed  greatly  to  establish.  The  selection  of  these 
organs  resulted  in  the  formation  of  an  Artificial  System  in  which  a 
iied  principle  is  regularly  carried  out,  and  which,  from  the  phy- 
lioiogical  importance  of  the  characters  employed,  approaches  in 
certain  of  its  coordinations  to  a  natural  arrangement. 

&pteia  and  Genera  form  the  foundation  of  all  Systems.  The 
obj»:t  of  the  LinnsBan  System  was  to  arrange  genera  in  groups 
characterized  by  simple  striking  marks,  so  that  the  existing 
deacription  of  a  given  plant  might  be  readily  found,  or  the  de- 
scription of  a  new  plant  might  be  placed  where  it  would  be  easily 
referred  to.  Such  marks  Linnffius  obtained  in  the  essential  or 
uxml  organs  of  plants  (in  flowers,  the  stamens  and  pistils),  whence 
his  System  is  sometimes  called  the  Sexual  System.  The  highoNt  or 
DKMt  general  groups,  which  he  called  Classes,  are  founded  on  the 
eoodidons  of  the  stamens.  These  Classes  are  subdivided  into 
Orders,  founded  either  on  the  conditions  of  the  pistils  or  upon 
Htxundary  characters  of  the  stamens.  The  orders  include  the  Oenera 
(in  large  Orders  grouped  into  sections  according  to  various  artificial 
characters).    The  Limuean  Classes  are  twenty-four  in  number,  of 

vfaich  the  first  twenty-three  include  all  Flowering  Plants :  the 
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twenty-fourth,  Gryptogamia,  induding  all  Fiowerless  Plants,  was 
a  chaoB  when  first  established,  and  its  sabdivisions  were  not  then 
definable  by  single  characters.  As  the  Linnsnui  system  is  no  longer 
in  use,  further  mention  of  it  is  not  needed* 

Sect.  3.  Natubal  Glassificatiok  of  Plaitts. 

In  this  method  of  classifying  we  pursue  the  same  path  by  \rbich 
we  arrived  at  the  genera,  and  combine  these  into  more  genez^al 
groups,  not  according  to  arbitrarily  chosen  or  isolated  characters, 
but  according  to  their  natural  affinities — that  is,  the  agreement  in 
their  total  organization,  and  consequently  their  presumed  degree 
of  kinship.  Genera  are  thus  gathered  together  into  Families  or 
Orders,  these  into  Cohorts  and  Classes,  and  finally  the  entire 
Vegetable  Kingdom  becomes  marshalled  into  a  few  Provinces  or 
Suikingdoms. 

It  is  evident  from  this,  that  a  Natural  System  founded  on  a  perfect 
knowledge  of  all  existing  plants  would  present  to  us  a  kind  of  amtract 
picture  of  the  Vegetable  Ain^om,  in  which  all  its  essential  characters 
would  be  represented  in  their  real  proportions,  places,  and  connexion. 
Not  only,  however,  are  we  far  from  being  acquainted  with   all  exist- 
ing plants  (not  to  mention  the  numerous  kinds  now  extinct),  but  the 
essential  peculiarities  of  a  vast  number  of  the  known  plants  have  been 
as  yet  but  imperfectly  studied.    Hence  we  have  at  present  various  plans 
for  the  Natural  Arrangement  of  plants,  presenting  peculiarities  depen- 
dent upon  the  amount  of  knowledge,  or  the  peculiar  views,  of  their  re- 
spective authors ;  which  plans  or  Systems  must  be  regarded  as  so  many 
rough  draughts  or  sketches,  to  serve  as  material  for  the  elaboration  of  the 
true  and  complete  Natural  System.    As  the  principles  of  classification  are 
fully  recognized,  and  as  the  amount  of  plants  thoroughly  known  is  already 
very  large,  there  is  a  close  agreement  m  the  general  features  of  the  dif- 
ferent '*  Natural  Systems,"  and  especially  in  the  manner  in  which  the 
Orders  of  plants  are  defined.    The  chief  diversities  of  opinion  arise  out  of 
the  different  estimations  of  afiinities  and  differences  of  the  families. 

Valne  of  Characters. — To  characterize  the  Natural  Method  more 
distinctly,  it  must  be  added  that  especial  attention  is  paid  to  the 
relative  importance  of  the  characters  presented  by  each  plant,  a 
determinate  scale  being  formed,  in  which  the  organs  are  ranked 
according  to  their  **  congenital "  or  **  acquired  '*  origin,  their  phy- 
siological importance,  the  complexity  of  their  construction,  and 
their  comparative  invariability.  Congenital  characters  are  common 
to  the  largest  number,  and  are  the  most  constant,  hence  the  mos^ 
important. 

Thus,  while  species  of  the  same  ^nus,  distinguished  generally  by  tie 
external  characters  of  their  vegetative  organs,  are  combined  by  likeness 
in  their  flowers,  genera  (in  which  difference  of  the  floral  envelopes,  or  of 
the  external  character  of  the  fruit,  or  some  such  character  exists)  are 
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eombiaed  into  an  Older  on  account  of  the  agreement  in  the  stmcture  of 
:ii«  oTwarj  and  its  relations  to  the  floral  envelopes.  The  characters  of  seedsf 
tad  moreparticularlj  of  the  emhryos,  give  a  still  higher  divisional  cha- 
:ieter.  'Aae  characters  of  successively  higher  groups  are  marked  in 
jrzazB  of  piogressivelj  higher  physiological  and  morphological  impor- 
ttaee,  affinities  between  such  organs  being  proportionately  more  valuable. 
Bet  they  possess  this  value  not  merely  on  tneir  own  account ;  for  if  that 
v^re  the  case^  the  method  would  be  still  to  a  great  extent  artificial :  they 
cidicale  the  coexistence  of  proportionate  agreement  in  the  total  orffani- 
2ition,  which  renders  them  exponents  not  merely  of  the  affinities  of  the 
;iazit8  in  respect  to  the  particular  structure  to  which  they  belong,  but  of 
il  their  affinities,  and  of  the  rank  which  a  given  plant  holds  in  the 
Vegetable  Kingdom.  As  a  general  rule,  it  is  found  inat  the  agreement 
<f  the  total  oiganixation  of  p&uits  is  generally  proportionate  to  the  phy« 
^Fjlogical  value  of  any  given  organs  m  which  they  agree ;  or,  in  other 
vcrds,  agreement  in  the  structure  of  any  given  organ  indicates  general 
ortement  in  all  the  organs  of  less  importance  than  itself.  The  asfreement 
kre  referred  to  is  of  course  a  general  structural  agreement,  a  relation  to 
A  eummon  type — ^not  a  resemblance  exduding  the  multifold  minor  diver* 
■ties  which  present  themselves  within  the  limits  of  almost  every  type. 


Practically,  moreover,  we  have  another  principle  to  keep  in  view, 
vluch  indeed,  while  it  flkffords  as  it  were  the  verification  of  the  in*- 
daedonfl  of  the  above  principle,  is  our  sole  guide  in  dealing  with 
tbe  subdivisions  of  the  more  comprehensive  types.  This  is  the  role 
tbat  the  closest  affinities  are  marked  by  the  agreement  in  the  majo- 
ritj  of  characters  of  eqiial  importance  ;  or  if  the  characters,  as  is 
Qoie  commonly  the  case,  are  of  unequal  importance,  the  principle 
cf  decision  bj  the  majority  is  carried  out  by  ascertaining  the  pro- 
portionate values  of  the  organs  in  which  agreements  and  differenced 
exist,  and  striking  a  balance  as  with  equal  factors. 

Many  of  the  older  botanists  had  attempted  to  construct  a  Natural  Sys^ 
tea;  and  Liniueus  left  a  sketch  or  fragment  of  one,  in  the  form  of  a  list 
d  namee  of  femiliee  without  definitions,  regarding  its  realization  as  the 
ihimate  aim  of  Botany.  ^  Many  of  the  famines  in  tiiese  older  Systems  are 
^Toonded  almost  exclusively  on  '^  habit,"  or  general  external  character, 
lae  two  Jnssieus,  Bernard  and  Antoine-Laurent,  have  the  merit  of  the 
diaooreiT  of  the  only  principles  upon  which  a  really  Natural  System  can 
be  £randed.  And  so  accurately  did  A.-L.  de  Jussieu  carry  out  these  prin« 
nplee  in  hia  arrangement  of  the  then  existing  genera,  that  the  families 
vhjch  he  establish^  are  still  almost  all  received  into  our  present  Systems, 
vfcere  acme  of  them  are  indeed  broken  up  into  smaller  groups,  but  where 
tb  greatest  increase  in  the  number  of  families  arises  from  subsequent 
ditfOTeriee. 

The  characters  of  the  natural  Families  established  in  this  way  will  be 
ibiiiid  to  be  far  less  exact  and  definite  than  those  of  the  Linnsean  classes  and 
orden,  and  by  no  means  so  rigid  even  as  those  of  natural  ^nera.  The  cha* 
ncter  of  a  family  is  founded  on  the  totality  of  its  essential  characters,  and 
iacludes  the  essential  characters  of  agreement  of  all  its  genera.  The  genera 
oaotiined  in  most  of  the  fkmilies  exhibit  a  considerable  range  of  difierences; 
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allowance  must  be  made  for  these ;  and  this  gives  a  laxity  to  the  fiunjly 
eharacter  which  is  puzzling  to  the  beginner.  For  example,  the  hsiaiy 
Ranunculacesd  is  Tery  natural ;  but  we  find  in  its  character  a  certain  noge 
of  difference  allowed  for  in  the  sepals,  petals,  pistils,  and  fruit ;  the  insertion 
of  all  these,  however,  and  that  of  the  stamens,  is  fixed,  and  so  is  the  cW 
racter  of  the  seed.  Similar  conditions  occur  in  most  other  families.  The 
decision  as  to  what  family  a  genus  is  to  be  referred  to  is  made  according 
to  the  principle  of  majorities :  whichever  it  agrees  with  in  moai  of  ite  cha- 
racters (say,  even  three  out  of  five),  to  that  family  it  belongs.  Great  diffi- 
culty, however,  exists  in  certain  cases  from  a  vast  series  of  genem  mnniiig 
into  one  another  by  almost  imperceptible  gradations,  and  this  in  difiereot 
directions.  A  considerable  number  of  these  agreeing  closely  are  associated 
into  a  family ;  another  similar  group  forms  another  family,  and  so  on ;  and 
then,  in  the  course  of  time,  sundry  intermediate  genera  present  themselTes, 
which  connect  the  established  families,  and  which  it  is  difficult  to  place  br 
the  usual  choice  iu  either  one  or  the  other,  the  characters  being  balanced 
Thus  the  Natural  fanuly  LoganiacesB  is  connected  by  **  aberrant "  genen 
with  Rubiaoeso,  Gentianacete,  Scrophulariacess,  and  other  families  which 
are  truly  natural,  but  which  in  this  way  come  to  be  separated  by  somewhat 
indefinite  boundary-lines.  The  fact  is,  that  the  Vegetable  Kingdom  is  s 
whole,  the  families  having  seldom  a  distinct  isolated  existence,  except  b 
the  minds  of  botanists.  It  may  be  presumed  that  they  are  all  variations 
from  one  or  a  few  original  stocks,  and  thus  have  numerous  intermediate 
or  connecting  links ;  and  we  must  regard  them  as  analogous  to  countries 
on  the  globe,  which  are  parcelled  out  imder  distinct  names,  but  most  often 
adjoin  and  run  into  one  another,  being  only  separated  by  an  arbitnir 
boundary-line.  Some,  indeed,  lie  off  from  the  rest,  like  islands,  the  inter- 
vening links  being  extinct :  but  these  are  the  exceptions.  Such  excep- 
tions are  found  among  the  ramilies  which  were  established  by  the  older 
botanists,  in  which  the  essential  agreements  are  accompanied  by  a  striking 
eharacter  of  external  habit,  as  in  the  Grasses,  the  Um belliferse,  the  Com- 
posite, the  LeguminossB,  the  Coniferse,  the  Palms,  &c.  Such  remaikaUe 
geculiarities  as  these  families  possess  mostly  prevent  them  being  broken  up 
ito  smaller  groups,  as  has  occuxred  to  many  of  the  earlier  orders  of  larsre 
extent ;  and  most  botanists  prefer  to  distribute  these  genera  into  subordiari 
rather  than  discard  the  characteristic  general  name.  Examples  of  these 
are  found  especially  in  the  Leguminosse,  Rosaceee,  and  Composite. 

The  Families  or  Orders  are  for  the  most  part  the  same,  in  all 
Essential  respects,  in  all  existing  "  Natural  Systems."  A  conside- 
rable diversity  presents  itself  in  the  modes  in  which  different 
authors  have  grouped  these  into  Classes  or  Alliances,  These,  bow- 
ever,  are  still  Natural  groups,  as  are  also  those  of  still  higher  gene- 
rality indicated  in  the  chapter  on  General  Morphology.  But  all 
writers  on  Systematic  Botany  have  found  it  requisite  to  group  the 
Orders  or  Classes  of  Flowering  Plants  into  sections  of  somewhat 
less  generality  than  Dicotyledons  and  Monocotyledons,  as  these 
respectively  include  series  of  families  so  extensive  as  to  be  incon* 
▼enient  in  practice  if  left  undivided.  The  members  of  these  series, 
however,  are  so  intimately  connected   together  by  their  natural 
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tm,  that  it  has  been  found  indispensable  to  have  recourse  to 
arfaitiwy  or  artificial  characters  for  the  foundation  of  the 
fieetama — cfaaiacters  derived  chiefly  from  the  conditions  of  the 
petak  ind  stemens.  The  nature  of  these  Sections  will  be  best  un- 
defstood  from  the  examples  which  follow. 


Jnsiieiian  System. — Jussieu  established  his  primary  divi- 
skms  of  the  Vegetable  Kingdom  on  characters  which,  although  not 
cnexceptionable,  define  resdly  natural  groups,  which  are  found 
ooder  different  titles  in  all  Natural  Systems.  The  characters 
vere  the  absence  or  presence  of  the  embryo,  and  its  structure  when 
preaeat^  in  the  seed.  On  these  characters  stood  the  three  divisions 
Aeotyltdmis  (plants  without  an  embryo),  Monocotyledons,  and  ZHco- 
tyUdons,  The  first  of  these  names  is  bad,  as  founded  upon  a  negon 
nv€  character ;  but  the  plants  which  it  included  were  imperfectly 
-aikdeTBtood  in  the  time  of  Jussieu  ;  the  Acotyledons  correspond  to 
the  Crypt«)gamia  of  Linnscus,  which  are  now  by  more  complete 
Analysis  distributed  into  two  sections,  divided  by  even  more  im* 
portant  characters  than  the  Monocotyledons  and  Dicotyledons. 
The  other  two  divisions  are  still  retained,  with  very  slight  moditi- 
cations,  in  all  Systems,  but  are  subordinated  under  divisions  founded 
cm  more  important  characters. 
The  following  Table  exhibits  Jussieu's  arrangement : — 

CUst 

1. 

i  Stamens  hypogynous 11. 

„       perigynous     III. 

„       epigynous  * IV. 

I  Stamens  epigynous V. 

'ApETAix>n8    ,,  I       „       perigynous     VI. 

(       „       nypogynous *. . .  VII, 

f  Corolla  h}  pogynous    VIII. 

I        a      perigynous IX. 

MoNOPBTALOVS^                                 [Anthers  J  ^ 

««;«^«,^„a    J  coherent  f 
I       ^'      epigynous   ^Anthera        ^j 

(distinct    f    ^^• 

(Stamens epigynous XII. 
»  hypogynous XIII. 
„        perigynous    XIV. 

Diclinous,  irregular  XV. 

The  three  primary  divisions  here  are  natural ;  the  Classes  must  be  re- 
([pd^d  as  artificial ;  the  Families,  however,  into  which  the  latter  are 
ui^ided,  aie  natural  groups,  and  to  a  great  extent  are  retained  ia  more 
Oiodeni  sjrstems.  The  families  of  Jussieu  were  more  carefully  defined, 
cc^rreeted,  and  extended  by  Rooert  Brown,  whose  researches  contributed 
°i<Mt  enentaally  to  the  establishment  of  the  Natural  System ;  but  he  did 
&ot  tttempt  to  eetabliBh  any  general  plan  for  their  coordination  in  Classes. 


Dicotyledons 
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Be  Canidolle'B  System. — Aug.  Pyrame  De  Candolle  endeayoored 

to  classify  the  Vegetable  Kingdom  on  principles  more  in  harmony' 
with  the  knowledge  of  the  structure  of  plants  aocumolated  since 
the  promulgation  of  Jussieu's  System.  De  GandoUe's  System  has! 
become  very  generally  used,  on  account  of  its  having  been  adopted' 
in  the  great  Descriptive  work  which  he  commenced,  ^e  *  ProdromuSi 
Systematis  Naturalis  Begni  Vegetabilis,'  a  description  of  all  known 
species  of  plants.  His  subdivisions  of  the  Ezogens  (or  more  pro- 
jierly  Dicotyledons)  are  retained  in  many  works.  They  are  artificial, 
like  the  *^  Classes"  of  Jussieu,  but  are,  like  them,  convenient  for  the 
distribution  of  the  families  into  groups  of  manageable  dimensions. 
They  are  four  in  number,  and  founded  on  characters  of  the  floral 
envelopes,  viz.: — 1.  Tkxlauibloum^  in  which  the  petals  are  distinct 
and  (like  the  stamens)  inserted  on  the  receptacle  (hypogynous); 
2.  Calyciflob^,  with  the  petals  distinct  or  coherent  and  (with  the 
stamens)  inserted  on  the  calyx  (perigynous) ;  3.  Cobollifi>obje, 
with  the  petals  coherent,  and  inserted  on  the  receptacle  (the  stamens 
being  inserted  on  the  corolla)  ;  and,  4.  MoNOCHLAMTDEiB,  or  plants 
with  a  perianth  or  a  single  circle  of  envelopes. 

In  De  Candolle's  enumeration  of  the  families,  which  had  greatly 
increased  in  number  from  Jussieu's  list,  the  reverse  order  of 
sequence  is  followed,  the  higher  plants  standing  first.  As  regards 
this  point,  however,  it  is  a  misconception  to  place  the  Thalamiflor<B 
first  among  the  Dicotyledons,  since  they  are  manifestly  inferior  to 
the  Calycijlorce,  and  even  to  the  CoroUifloras. 

During  the  last  forty  years  a  great  many  attempts  have  been 
made  to  distribute  the  Orders  more  satisfactorily  into  Classes  and 
primary  Divisions.  Endlicher,  Bartling,  Meisner,  Brongniart, 
Lindley,  and  many  other  authors  have  published  Systems  of  their 
own. 

Endlicher's  System. — ^That  of  Endlicher  has  been  extensively 
used,  and,  moreover,  is  the  basis  of  arrangement  in  his  great 
'  Genera  Plantarum.' 

Eegion  1.  Thallopliyta.    Sect.  I.  Peotophtta  ;  11.  Hybmbo- 

PHYTA. 

Begion  2.  Cormophyta. 

Sect.  III.  AcBOBBYA.      CoJiort  1.  Acrobrya  anophyta;  2. 
Acrobrya  prox)phyta  ;  3.  Acrobrya  hysterophyta. 

Sect.  IV.  AXPHIBBYA.    V.  ACAAXPHIBBYA.     Cokort  1.  GjWr 

uospermesB;  2.  Apetalse;  3.  Gkunopetalse ;  4.  Dialype* 
tales. 

The  cohorts  are  subdivided  into  classes^  and  these  again  into  orders. 
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Brangnurf  8  System. — ^The  arrangement  of  Brongniart  is  much 
foJoved  in  Prance.  Its  general  character  may  be  understood  from 
t^  following  table  : — 

DirisionL  Cryptogama.    Branch  1.  Amphigenjb  (Thallogens) ; 
Branch  2.  Acbogenjb. 

DiTision  II.  Fhanerogama. 

Branch  3.  MoNocoTYLEDomBS.    Series  1.  AlbuminossB;  2.  Ex- 
albuminosae. 

Branch  4.  Dicottledones. 

Snbbranch  1.  AngiospemuB,  Series  1.  Gamopetalee: 
§  i.  Perigynae ;  §  ii.  Hypogynae.  Series  2.  Dialy- 
petalffi:  §i.  HypogynaB;  §ii.  PerigynsB. 

Subbranch  2.  Oymnospermce, 

Undlej*!  Syvtem  is  the  one  proposed  by  its  distinguished  Author 
ill  his  '  Vegetable  Kingdom/  Although  the  system  itself  was  never 
:^erally  adopted,  the  book  itself  is  an  admirable  encyclopsedia  on  all 
pints  relating  to  Systematic  Botany  and  the  uses  of  plants  up  to  the 
date  of  publication.  Lindley's  main  groups  were : — I.  Thallogens  ; 
IL  AcBOGEsrs;  ITT.  Bhuooens;  IV.  Endooens  ;  V.  Diotyogens  ; 
Tl.  GriaoGENS ;  YII.  Exogeks  ;  the  latter  being  subdivided  into 
Dielinous,  Hypogynous,  Pengynous,  and  Epigynous  subclasses. 
I\£  sabclasses  were  again  divided  into  alliances,  and  these  into 
orders.  The  special  peculiarity  of  this  system  is  the  formation  of 
1  group  for  certain  root-parasites,  destitute  of  true  leaves  ;  and  of 
IhetTogens — a  class  of  plants  with  the  netted  venation  of  Ezogens 
tfd  the  ternary  flowers  of  Endogens. 

Beatham  and  Hooker's  System. — Since  the  publication  of  the 
'Vegetable  Kingdom '  a  very  important  work  on  Systematic  Botany 
W  been  commenced  by  Mr.  Bentham  and  Sir  Joseph  Hooker, 
"^titled  *  Genera  Plantaruro.'  This  work,  so  far  as  at  present 
publiftbed,  comprises  a  description,  in  Latin,  of  all  the  known  gener& 
of  PoljpetalouB  and  Qamopetalous  Exogens,  together  with  analy- 
tical tables  admitting  of  the  ready  determination  of  any  particular 
^Qs,  notes  of  aberrant  or  exceptional  forms,  4&c.  Their  scheme 
i*  more  folly  explained  in  the  English  translation  of  Le  Maout  and 
iJecaisne's  'General  System  of  Botany,'  edited  by  Sir  Joseph 
Hooker.  Its  main  features  are  given  in  the  following  table.  The 
vnogement  of  the  Monocotyledons,  however,  is  taken  from  Mr. 
fientham's  paper  on  the  classification  of  Monocotyledons,  in  the 
'  Joomal  of  the  Linnean  Society '  for  November  1876. 
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Subkingdom  I.  FHANEBOGAHIA. 

Class  I.  Dicotyledones.  Subclass  I.  Anoiosfebme^.  Di\i- 
sionl.  Polypetalce,  Series  1.  Thalaniiflorae;  2.  Disciflorae; 
3.  Calycifloras. — Division  11.  Monopetcdce.  Series  1.  Epi- 
gynoB ;  2.  Hypogynae  v.  Perigynae. — Division  TTT.  ApetaUr. 
Series  1.  Hypogynae;  2.  Epigyn®  v.  Perigynae. — iSubclftisd 
II.  Gymnospeemils. 

Class  n.  Honocotyledones.  Series  1.  EpigyusB;  2.  Coronariae; 

3.  NudiflorsB;  4.  Glumales. 

Subkingdom  JI.  CB7FT0GAMIA. 
Class  in.  Acrogens. 
Class  lY.  Thallogens. 

Subordinate  to  the  "  series  "  are  "  cohorts,**  or  groups  of  orders  of  equid 
value,  though  with  different  liuntations,  to  the  *'  alliances  "  in  Lfindley's 
*  System/  The  only  point  which  requires  explanation  here  is  the  series 
JDiscifiora^  which  includes  those  polypetaloua  hypogynous  orders  in  which 
there  is  a  conspicuous  hypogynous  clisk  or  senes  of  glands,  into  or  be- 
tween which  tne  stamens  are  inserted. 

Brann's  System. — ^In  Germany  the  classification  of  A.  Braun  is 
now  much  followed.  The  following  are  his  main  groups  of  Phane- 
gams  £8  modified  bj  Hanstein,  Sachs,  and  others : — 

DICOTYLEDONES. 

Kono- 
JnUflors.   cMamydes.    Aphaiiocycla.    Tetracyda.  FerigyxuB. 

Piperinese.      Serpentariese.  Hydropeltidiness.  «•  GamopeUiUe,    Caljci- 

Urticineae.      Rhizantheae.    Polycarpse,  Anisocarpte.  florae. 

Amentifene.  Crucifloras.  Isocarpae.  Corolli- 

^  ,«     •  flarsB. 

p,  Eteuthero- 

pettdte, 

Eucvclad. 

Centrospermas. 

DiscophoraD. 

Juliflorae  correspond  nearly  to  Amentales,  and  are  charactemed  by 
spicate  or  amentaceous  inflorescence,  diclinous  flowers,  and  mono-  or 
achlamydeous  flowers.  Monochlamydeas  have  a  well-marked  perianth 
of  one  row ;  Aphanocyclae  have  calyx  and  corolla,  the  parts  of  the  flower 
(except  in  some  cases  the  carpels)  being  arranffed  in  ^iral  cycles.  In 
Tetracyche  the  parts  of  the  flower  are  in  whorls.    This  gionp  oompiues 
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tb#  Tbftlamiflonil,  Caljcifloral,  and  CoroUiflorol  divisions  of  De  Candullc. 
PcTtrnue:  perianth  tubular  below,  bearing^  the  stamens,  and  free  from 
7  adliereot  to  the  carpels.  In  this  g^roup  the  Caljciflorffi  have  a  single 
pRuatb,  the  Corolli  dorse  a  calyx  and  corolla. 

CSunficatioii  of  Cryptogams. — This  is  in  a  transitional  state. 
THe  foIJoning  is  the  latest  arrangement,  adopted  by  Sachs.  It 
■a  ill  be  seen  that  the  orders  are  arranged  in  two  parallel  series, 
AtTcording  to  the  presence  or  absence  of  chlorophyll. 

Group  I.  Thallopliyta. 
Class  1.  Protophyta. 

Witb  dilorophjll.  Without  chlorophylL 
CjiaMoph^eete.                                              Schizomycetes. 

rbroococcaceiB.  Sphrerobacteria. 

Oscillatorieae.  ]^fic^obacte^ia. 

Scytonemese.  Desmobacteria. 

Noi^tocaceae.  Spirobacteria. 
RivulariaceiB. 

Pabttdlaeea,  

Huglenea.  Saccharomyces, 

Class  2.  Zygospores). 

A.  Conjugating  cells  motile, 

Volrocine^.  MyxomyceUi, 

[Hydrodidlyea.  ] 

Cimfgrvacea, 
Uhaeete, 

B.  Conjugating  cells  stationary, 

OmjugaUt,  Zygomycetes. 

Dezimidieie.  Mucorini. 

Diatoniaceie.  Piptocephalidso. 

Mesocarpeas. 
ZygnemeiB. 

Class  3.  Oospores. 

Ca^lobkista, 
rr     V    -  /  Saproleffniee. 

^«'*«™   i  PeronoslwmB. 

(Edogoniea, 

[Phaotpore^e,'] 
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Class  4.  Carpospores. 

With  ohlorophjiL  Without  chlorophjU. 

ColeochcBta,  Ascorm/cetes, 

Gymnoascus. 
Flor%de€e,  Discomycetes. 

Nemaliefe.  Ervsiphefe. 

Ceramieffi.  Tulieracee. 

Dudresnaya,  P^nomycetes. 

Lichenes'P 
(^aracea,  .^SddiomyceteB, 

BasidiomyoeteB, 
Exobasidium. 
Tremellini. 
Hjmenomjcetes. 
Gasteromycetea. 

Group  n.  Cormophyta. 

Series  I.  Bktophtta. 

Class  1.  Musci. 
Class  2.  Hepaticfle. 

Series  II.  Pteridophyta. 

Class  1.  Filicales. 

i.  StipuhUa. 

OphioglossesB. 
MarattiacesB. 
ii.  FiUces, 
iii.  Rhisocarpeae, 

Class  2.  EquisetacesB. 

Class  3.  Dichotomse. 

i,  Lycopodiace.€P, 
Lycopodiea. 
Psilotese. 
PhylloglbssesB. 
IL  Liffulatce, 

SelaginellesB. 
IsoeteeB. 

Camera  System. — Quite  recently  an  arrangement  has  been  pro- 
posed by  Professor  Caruel,  based  on  the  circumstance  that  there  are 
in  the  same  individual  plants  sexual  forms  or  stages,  male  or  female 
as  the  case  may  be,  and  an  asexual  or  neutral  form ;  thus  in  Phane- 
rogams the  asexual  form  is  the  embryo  developing  indefinitely  and 
becoming  ultimately  an  adult  plant,  which  latter  produces  a  male 
form,  the  pollen,  and  a  female  form,  the  ovule,  which  becomes  a 
seed  Nvith  definite  evolution,  containing  "  oospheres  "  or  germinal 
vesicles  in  a  closed  "  oogonium  "  or  embryo-sac.  The  following 
are  the  outlines  of  the  scheme*  which  we  give  in  this  place,  though 


CABTTEL'b  ABBAITGBMENT.  191 

it  cumot  be  understood  by  the  pupil  until  after  he  has  made 
oimflelf  aoooainted  with  the  morphology  and  physiology  of  Gryp- 
*jopiDs  and  Phanerc^ams  and  the  detiuls  of  the  reproduetire  pro- 
OM  in  the  8e?eral  orders. 
Caroel's  primary  groups  are : — 

I.  F&AiiZBooAiLS. — ^Plants  trimorphic,  one  form  neutral,  pro- 
dacmg  agamicaUy  two  sexual  forms,  male  and  female  respectively ; 
nsotial  fonn  originating  from  a  fertilized  oosphere  and  deyeloping 
into  a  pro-embryo,  like  the  embryo  originating  longitudinally ; 
f Tohition  indefinite.  Male  form  represented  by  the  pollen  in  the 
Qtli^.  Female  by  the  ovule,  ultimately  the  seed :  evolution  defi- 
ite,  OQDtaining  the  oospheres  in  a  closed  oogonium. 

n.  ScHiBTOGAMiB. — Plants  trimorphic.  Neutral  form  origina- 
tisg  £rom  a  fertiliised  oosphere,  developing,  like  the  embryo,  trans- 
^nelj :  evolution  indefinite.  Male  form  a  vermiform  phytozoon 
ispinl  spermatosoid)  formed  vnthin  an  antherocyst.  Female  form 
la  oogiemma,  then  a  seminultim,  with  definite  evolution,  containing 
a  oosphere  in  an  open  oogonium.     (Characess.) 

IIL  PitoiSA£LOaA3f^.r— Plants  trimorphic.  Neutral  form  pro- 
diced  from  a  fertilized  oosphere,  developing,  like  the  embryo,  trans- 
T^T :  evolution  indefinite.  Male  form  a  vermiform  phytozoon 
^rmed  within  an  antheridium.  .  Female  form  a  spore,  developing 
^to  a  prothallus :  evolution  definite,  contaiiiing  a  naked  oosphere 
lithia  an  archegonium.  .  (Vascular  Cryptogams.) 

IV.  BBToeAKJB. — ^Plants  trimorphic.  Neutral  form  originating 
^  a  fertilized  oosphere,  developing,  like  the  embryo,  longitu- 
^Uj:  evolution  dennite.  Male  form  a  vermiform  phytozoon 
trom  aa  antheridium.  Female  form  a  spore  developing  into  a 
^lolha  or  "  cormus :"  evolution  indefinite,  and  containing  a  naked 
■Jwpliepe  in  an  archegonium.    (Muscinese.) 

V.  GnoroGAX^. — ^Plants  di-,  trimorphic.  In  the  trimorphic 
^cnn  the  neutral  form  is  an  oospore  arising  directly  from  a  fertilized 
'j«pbere :  evolution  indefinite.  Male  form  a  zoosporiform  phyto- 
zoon from  an  antheridium.  Female  form  a  spore  developing  into 
ithallus:  evolution  indefinite,  containing  an  oosphere  in  a  naked 
<^pen  oogonium.  In  the  dimorphic  plants,  two  sexual  forms  only, 
the  male  a  phytozoon  or  poUinidium.  In  the  monomorphic  plants 
» single  form  without  sexual  distinction :  evolution  de^te  or  in- 
<*«fin&e.    (Cellular  Cryptogams.) 

,  In  the  following  pages  the  arrangement  adopted  is,  for  Diooty- 
^008  mainly  that  of  De  Candolle,  for  Monocotyledons  that  of 

fcnthaiiL 
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VEGETABLE  KINGDOM. 

Subkingdom  I.  FHAITEBOaAMIA.    (Flowering  Plants.^ 

Class  I.  DICOTYLEDONES.    (Eofogens.) 

Subclass  i.  ANGIOSPERMIA. 

Division  1.  Polypetala. 

Series  1.  Thalahiflob^. 
„     2.  Caltoiflosje. 

Diyision  2.  Ghimopetala  or  Corolliflors. 
Series  1.  Infsbje  or  Efigtitje. 

„        2.   SlTPESiE. 
„        3.  DiCABFLS. 

Division  3.  Apetala  or  IncompletflD. 

Series  1.  Sufebje. 

„       2.  IlVFEB^  or  EFIGTiriB. 

Subclass  ii.  QTMNOSPEBMIA. 

Class  n.  MONOCOTTLEDO^fES.    {Endogen».) 
Division  1.  Petaloidea. 
Series  1.  Efigtkjs. 

„       2.   COBOITABISJS. 

A.  SvncarpiflB. 

B.  ApocarpiflB. 

Division  2.  Spadiciflora. 
„      3.  Olumiflora. 

Subkingdom  II.  CBTFTOaAlOA.    (Flowerless  Plants.) 

Class  I.  COEMOPHTTA.    (Aa-ogens.) 

Division  1.  Vascolaria. 

Series  1.  Isosfobia. 
„     2.  Hetebosfobia. 

Division  2.  HuBciuesB. 

Class  n.  THALLOPHYTA.    (ThaUogens.) 

Division  1.  AlgiB. 
„      2.  Fungi. 

In  the  following  systematic  description  of  the  Natural  OrderSy  the 
characters  of  the  most  important  are  given  at  length,  with  the  necesssrf 
particulars  respecting  their  afBnitieSi  geographical  distribution,  and  the 
qualities  of  the  more  important  plants  tttej  contain.  To  most  is  prefixed 
a  short  diagnosis ;  and  a  similar  diagnosis,  or  a  few  explanatory  remsrkS) 
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in  snmJUer  type,  are  accorded  to  thoee  Orders  which  either  are  not 
iLArked  bj  Terjr  decided  characters,  or  which  do  not  demand  so  much 
ftttentfou  from  the  beginner.  In  most  cases  the  views  of  other  botanists 
i»  to  the  position  and  limitation  of  the  groups  are  briefly  mentioned. 
T'cder  each  Order  are  placed  the  name^  of  one  or  more  genera  which 
f jnufih  good  iliustiBtions  and  which  are  generally  accessible  for  practical 
eiamixiation. 


CHAPTER  III. 

SYSTEMATIC  DESCRIPTION  OF  THE  NATURAL  ORDERS. 

THE  VEGETABLE  KINGDOM. 

SrBciKQDOM  L  FHAHEBOGAIUA,  or  FLOWESINO  PLANTS. 

P)aut8  producing  stamens  and  pistils  in  association  or  separately, 
ud  forming  seeds  containing  an  embryo. 

CuLSB  1.  DICOTYLEDONES. 

Flowering  Plants,  with  stems  (when  woodj)  having  pith  and 
bsrk  separated  by  a  compact  layer  of  wood,  which,  in  perennial 
y.ant9,  receives  annual  additions  on  the  outside,  beneath  the  bark  ; 
fe^ves  with  the  ribs  mostly  distributed  in  a  netted  pattern  and 
e^eniUy  diminishing  in  size  as  they  branch ;  parts  of  the  floral 
rjcles  mostly  5  or  4,  or  some  multiple  of  those  numbers,  rarely  3 ; 
tiQbryo  with  a  pair  of  cotyledons  and  a  radicle,  which  is  developed 
into  a  tap-root  in  germination.  The  typically  complete  floral 
fonnola,  supposing  the  parts  to  be  uncomplicated  by  adhesions, 
irregular  growth,  multiplication,  &e.,  isS5P5A5Go,  in  regular 
alternation. 

Subclass  I.  ANGIOSPERMIA. 

Flowering  Plants,  with  the  ovules  formed  in  closed  ovaries. 
Endosperm  formed  after  fertilization.  Pollen-cells  not  dividing 
prior  to  the  emission  of  pollen-tubes  {see  under  *'  Reproduction  "), 

Division  I.  PolypetalflB. 
Petab  distinct,  rarely  absent  or  united. 

Ezcnftloiifl. — ^Hooker  notes  the  following  exceptions.  Apetalous  flowers 
occor  in  some  species  of  MenispermacesB,  Caryophyllaceffi,  Malvaceie, 
i>t<icii]iacee,  TiliaceiB,  Rutace®,  Simarubacece,  BurseraceaB,  Olacaceee, 
Cela«tncee,  Sazifragacece^  Crassulacefe,  Mvrtaceie,  PassifloracesD.  Ape- 
ulow  flowers  also  may  be  met  with  in  8ome  RaiiuDculace»,  Maguoliaceee, 
Berbendaoetty    Sanaceniace®,    Papaverace»,    Crucifer»,    Canellacesa, 
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Kg.  830.  Fig.  882. 


Fig.  3S1. 


Fir.  ISO.  Hrtlrf-rrfned  l<»f  of  •  Dmopledm. .it™.H»» 


F%.S3a 


Fi|L  SS4-I3e  an  iUiutratiT*  gf  tlia  SsbduHa  of  Dioo^rlfdoBi. 
I.  BS4.  Thiluiiflors  (X<»H»e*]U).               Pig.  M«.  CilTciBonK  epigrnoM  (f»i*'*"' 
K.  3S6,  DiljoUJone^PM^ioin  (JViiiii«)._^Fig.^M^  C — "•" '"  " -'"' — 
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KxAcee,  Vio]Aeeae,Zygophyl]aeeie,  GeraniaceiB)  BhomnAceief  Sapindacesa, 
Tt-KbintJiaoefle,  RoeacesB,  Hamamelidacese,  Balsamiflorae,  HaloragaceaSj 
OiDDencesB,  CallitrichaceaB,  Rhizophoracese,  Oombretaceas,  Lythracete, 
"BiKTaeeie,  SamjdacesBi  Loasacese,  i^ati^cacese,  FicoidesB,  Tetragoniacese, 
( cnuoeae,  and  Ganraceas. 

Plants  with  connate  petals  occur  in  the  following  usually  polvpetalous 
Td*3f : — AnonaceaSy  PittosporacesB,  Polygalacese,  Portulacaceae,  Tamaris- 
'ioat^  TermMroemiacefle,  DipteTocarpaceae,  Humiriaceae,  DiosmeaB,  Bal- 
^joioioefle,  Meliaceas,  Stackhousiacese,  Droseraceae,  BTuniacere,  Napo- 
^r^&Bf  Melastomaoeae,  Tumeraceae,  CucurbitaceaB^  Oactaceae,  etc. 

Series  I.  Thalamiflob^. 

Calyx,  ooTolIft,  and  stamens  usually  free  and  springing  directly 
boaa  the  thalamus,  or  from  the  outside  of  an  hypogynous  disk. 

Eifieptloiia. — The  following  are  noted  by  Hooker.  Connate  sepals  occur 
a  I  few  orders.  The  calyx  is  adnate  to  the  ovary,  or  to  a  fleshy  thalamus 
ia  Pitmia  (Ranuncnlaceae),  Cfdycanthaceas,  some  Anonaceae,  Nymphae- 
»»,  Portulacaceie,  Capj>aridaceae,  Bixaceas,  Polygalaceas,  Temstroe- 
i^i^cee,  VochysiaoesB,  Tmaceas,  and  Dipterocarpaceas!  The  stamens  are 
^•^jSTnoos  in  some  Dilleniaceee,  Papaveraceas,  Capparidaceas,  Morin- 
?r«p,  Resedaceas;  Violaceae,  Caryophyllaceae,  Portulacaceae,  MalvacesB, 
ud  Stezculiaceaa. 

Ordhe  EANHNCUL AGILE.    The  Chowtoot  Ordeb. 

Cohort.  Ranales,  Benth,  et  Hook, 

Diagnosig, — Herbs,  or  climbing  shrubs,  with  a  colourless  acrid 
rice ;  leaves  alternate,  rarely  opposite,  simple  or  deeply  divided ; 
bf-stalks  often  sheathing  at  the  base ;  flowers  regular  or  irregular, 

Fig.  840.  Fig.  341. 


:Fig.389. 


^  836i  idiese  oi  Sanuneulutt  cat  Terticallj  to  show  the  seed,  irith  an  embrjo  at  the  base 

of  perim^rm. 
'if.  M>.  flower  of  Aeonite,  ride  tiow.  ahowing  the  irregular  petaloid  eaWx. 
f%.  94L  The  fuoe,  with  the  aepttle  remored,  showing  the  singularly  formed  petals  and 

the  nomerous  hj^ogynoxis  stamens. 

polypetalous  or  occasionally  apetalous,  with  the  calyx  petaloid ;  the 
iepuus,  petaby  and  numerous  stamens  all  distinct  and  hypogynous ; 

o2 
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carpels  many  or   few  (rarely  solitary),  all  distinct;   seed  pen- 
spermic ;  embryo  small. 

Charcicter, 

TJuilamus  convex  or  flat,  often  elongated,  very  rarely  concave. 
Calyx  green  or  petaloid,  regular  or  irregular  (fig.  340) :  s^paU 
3*-6,  hypogynous,  deciduous,  occasionally  persistent,  usually  im- 
bricated in  SBstivation,  sometimes  valvate  or  induplicate.  Corolla: 
petals  13-16,  distinct,  hypogynous,  in  one  or  more  rowa,  some- 
times deformed  (fig.  34l)  or  wanting.  Stamens  indefinite,  or 
very  rarely  definite,  hypogynous  ;  anthers  adnate,  bursting  longi- 
tudinally. Ovaries  several  or  few,  simple,  1-celled,  distinct,  or 
very  rarely  coherent  below  to  form  a  compound  many-celled 
ovary ;  styles  simple  ;  cells  1-  or  many-seeded  ;  placentas  at  tht 
ventral  sutures  ;  ovules  anatropous.  Fruit :  a  collection  of  dry 
achenes,  a  1-  or  few-seeded  berry,  or  a  circle  of  follicles  more  or 
less  coherent  below,  bursting  at  the  ventral  suture ;  seeds  soli- 
tary, erect  or  pendulous,  or  rarely  horizontal  in  two  rows: 
embryo  straight,  minute,  in  the  base  or  within  the  apex  of  horny 
perisperm  (fig.  339). 

Illustrative  Genera. 

Tribe  4.  Helleborrje.      Cc/yj 


Tribe  1.  CLEMATiDEiB.  Mostly 
climbing  plants  with  opposite  leaves. 
Calyx  valvate  or  induplicate ;  fruit 
of  achenesy  usually  surmount^  by  the 
persistent  and  plumose  style. 

Clematis,  X. 
Tribe  2.  ANEMONEiE.    Calyx  usu- 
ally    coloured^   imbricated;    achenes 
sometimes  tailed ;  seed  invetied, 

Thalictrum,  Toumef, 

Anemone,  Haller, 

Adonis,  DC 
Tribe  3.  Rantjncule^.      Calyx 
imbricated ;  achenes  not  tailed :  seed 
erect. 


imbricated :  petals  irreyularor  none : 
fruit  of  many^seeded  fuUicieSf  more 
or  less  coherent^  rarely  baccate. 

Oaltha,  X. 

HeUeborus,  Adans. 

Nigella,  Toumef, 

Aquilegia,  Toumef 

Delphinium,  Toumef. 

Aconitum,  Toumef. 

ActaBE,  L. 
Tribe  6.  P-sonikje.     Calyx  ww- 
hricated  ;  petals  flat  or  none  ;  carjurl* 
forming  dehiscent  pods^  surrounded  at 
the  base  by  a  disk. 


Ranuncidus,  L.  P«eouia,  Toumef, 

Affinities  and  Morphological  Stmctnre. — The  typical  floral  formula 
is  S  6  P  5  'Nj  Ago  rv)  G  00 ,  the  rvj  indicating  a  spiral  arrangement,  with 
vaiations,  arising  from  suppression,  multiplication,  irre^fular  growth,  &c 
The  characters  which  are  almost  universally  found  are  the  free  sepals  and 
petab,  the  indefinite  stamens,  the  inverted  ovules,  and  the  pre^enc^  of 
perisperm.  None  of  these,  taken  separately,  are  absolutely  characteristic  of 
the  order,  though  coUectively  they  are  or  the  greatest  importance.  The 
other  characters  are  all  more  or  less  inconstant  or  yariable,  some  of  the 
genera  possessing  them,  others  not.  The  conditions  of  the  calyx  and 
corolla,  and  also  of  the  ripe  fruit,  are  not  only  normally  very  varied  in 
the  different  genera,  but  are  readily  affected  and  altered  by  'cultiration. 
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Tbf  tffinitiei  of  the  Order  «re  somewhat  complex :  the  itructare  of  the 
rsvoual  orguia  allies  them  doaeW  to  the  Miigiioliacen  and  Dilleninceffi, 
die  former  of  which,  however,  have  diattnct  stipules,  while  the  latter 
Urp  villate  seed*;  and  both  difTtir  in  habit.  Some  genera  an  closely 
ivliitd  to  the  Berberidkces,  from  which,  however,  thej  difier  in  the 
indpfiuite  stamens  and  in  the  sutuml  (not  valrular)  dehiscence  of  the 
utiifcs.  From  Nvmplueacee  and  I'apavereoeffi,  which  thev  resemble  in 
wrtain  reepects,  they  are  distini^iiiAhed  by  their  distinct  carpels,  and  in 
ihetsseof  the  Poppies  by  their  watery  (not  milky)  juice.  Halations 
(n't  also  with  some  Calyciflorw,  as  with  Kosices^,  from  which  the  present 
(Mn  is  known  by  its  bypogynous  stamens,  the  abundftnt  perispunn  of  the 
"»d*,  and  the  general  proper^  pju_  ^2 

tifj.  Sheathing  bases  or  the 
leaves,  re^mbling  adnata  sti- 

CiWt.  occur  ber«  and  in  Um- 
Mrrm,  and  they  somewhat 
r«*»i[ible  the  stipule*  of  Roia. 
A  Idnd  of  representation  of 
ibU  Older  occurs  amon^  tha 
MuDocotyledona,  in  Alism^ 
o*,  where  the  free  carpels 
ud  tb<  habit  pive  a  lesem- 
Viince  to  those  Kanunculaeeie 
*hicb  have  a  ti'mary  calyx. 
The  PtBoniea  approach  the 
NfmDhKacete  in  the  disk, 
'tifh  is  remarkably  deve- 
!i>|«d  b  P.  Maulan,  almost 
'wHt  enclosing  the  carpels; 

jiin^  to  a  slight  excavation 
''  tbe  re'.-eptade,  perigynoua 
ntliet  than  nypogy nous. 


-Thii  Order  contains  from 


0  40  genera  and  five  0 
ni  bnndred  spedes,  which 
"itler  «re  moat  abundant  in 
iimp.  cool  climates,  and  are 
wdv  met  with  in  the 
■'  pica,  except  on  mountaina. 
QuUtlM  and  TTsaa.— The 
?Wli  of  this  Order  generally 

C«^  acrid  and  more  or 
oarcolic-acrid  properties, 
'  ■  %  virulent  pbisi 


me  foiioDous  property  re- 
•At*  in  Ihe  watery  juice,  and 

■t  cases  volatile,  and 

rdiseipation  by  heat,  .lanihin  iroftUut. 

simple   drying,   and  by  infusion  in  water.     It  appears  to  be 
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heightened  in  power  by  acids,  spiritfl,  sugar,  &c.  The  ^pedee  of 
cuUi8  (Crowfoots  or  J3uttercup8)  are  acrid  when  fresh,  especiallj  Ji 
aceleraius  and  H.  Flammtda,  Similar  properties  prevail  in  the  tribes 
Cletnatide€B  and  Anemonea.  The  Jfeliebarete  are  the  most  actire  of  the 
Ranunculaceee,  the  species  of  Acmntum  (Monkshood)  being  aoioiig  the 
most  dangerous  of  poisonous  plants,  and  containing  an  extremely  powerful 
alkaloid,  accnitina.  The  species  of  this  genus  appear  to  differ  in  the 
(]^ualitj  of  their  juices  when  grown  under  varied  conditions,  eomewbat 
like  the  Hemp-plant,  since  the  roots  of  the  most  poisonous  of  them  axe  ssid 
to  be  eaten  with  impunity  in  tJie  higher  parts  of  the  Himalayas^  A.  2ka- 
pdhis  (fig.342)  and  A.  Cammarum  {panicmatum)  are  well-known  poisonou! 
European  Monkshoods;  and,  according  to  Dr.  Hooker,  the  celebrati^ 
'^  Bikh  ^'  poison  of  India  is  obtained  indiscriminately  from  A.  NapeUu$y 
luriduniy  and  palmatum,  as  well  as  frY)m  A,  ferox,  L.,  which  was  sap- 
posed  to  be  the  sole  source.  The  yellow  A.  Lycoctmmm  of  Central  Europe 
IS  far  less  active.  The  seeds  of  Delphinium  Staplmagria  (Stavesacre)  are 
drastic  purgatives  and  emetics ;  the  Hellebores  (ffelM>onu  mger,  anentdig, 
Kadfoettda  especially)  are  likewise  violent  evacuants,  and  the  Pieonies  £ill 
into  the  same  category.  The  berries  of  the  ActetB  are  poisonous.  Some 
of  the  milder  plants  are  used  as  tonics,  on  account  of  the  powerfol 
bitter  they  contain,  as  the  Yellow-root  (Hpdriutis  canadensis)  and  thf 
Gold-thread  (  Coptis  trifoliata),  both  North- American  plants.  The  pungent 
seeds  of  Nigdla  sativa  were  formerly  used  as  pepper.  The  root  oi  Actaa 
raceniosa  is  used  medicinally  under  the  name  RadLv  Cifnidfuga* 

Many  of  the  Ranunculacefle  are  favourite  garden  plants :  for  erample 
the  species  of  Clematis^  Anemonej  BammculttSf  JEranihts  (Winter  Aconite), 
HeUeboraSj  NiyeUa,  Aquilegia  (Columbines),  Delphinium  (Larkspurs), 
Aconitum  (Monkshood),  and  Paonia, 

DILLENIACEiS  are  trees  or  shrubs  mostly  with  alternate  leathery 
feather-veined  leaves,  generally  destitute  of  stipules ;  an  imbricated  h- 
merous  calyx  and  corolla  (the  former  persistent) ;  numerous  hypogynoujs 
stamens ;  solitary,  few,  or  numerous,  distinct  or  rarely  coherent  carpds ; 
seeds  several,  2,  or  1  by  abortion,  arillate ;  perieperm  fleshy. — ^DlustrntiTe 
Genera :  DiUenia,  L.  \  Hibhertia^  Andr. ;  Candolieaj  Labill. 

AfBnlties,  fte. — Connected  with  Kanunculaces  by  many  important  points 
of  structure,  these  plants  are  at  once  distinguishable  by  the  arboresc^t 
habit,  the  persistence  of  the  calyx  and  the  stamens,  and  the  aiiUate  seed ; 
they  are  even  nearer  to  the  MagnoliacesB,  but  have  no  stipules,  and  the 
plan  of  the  flower  is  here  5-merouB ;  ^ey  are  also  relatea  to  the  Ano- 
naceiB,  which,  however,  have  a  valvate  calyx  and  ruminated  perisperm. 
Some  of  the  cenera  {Uemistenima,  Pleurandra)  have  all  the  stamens  on 
one  side  of  the  flower ;  others  have  them  united  into  separate  bundle?, 
probably  representing  so  many  divided  stamens.  A  relationship  between 
this  Order  and  the  Temstroemiaceae  is  established  by  the  genus  Saunya^ 

Hnmber  and  DUtrltrntlon. — A  small  group  of  17  genera  and  about 
180  species,  which  are  natives  chiefly  of  India,  South  America,  and 
Australia ;  a  few  also  of  Africa,  between  the  tropics. 

Qoauttoa  and  UsM.~The  general  character  of  this  Order  Is  astrin- 
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'vrldch   renders  some  of  them  Taluable  in  Brazil,    Some  of  the 
DtSem^  aT«  valaed  in  India  for  their  acid  juices. 

Most  of  the  species  of  DiUenia  are  Tery  handsome,  both  as  to  foliage 
u*i  bloasom  ;  and  some  of  the  larger  kinds  yield  hard,  durable  timber ; 
frrveral  speeies  are  cultivated  in  large  collections  of  stove  or  greenhouse 
flaatd  in  this  country,  where  they  are  evergreen  shrubs ;  lielifna  and 

stove  climbers. 


MAO]^(OLIAC£^  are  trees  or  shrubs,  often  aromatic,  with  the  leaf- 
bods  mostly  sheathed  bv  membranous  stipules ;  leaves  alternate,  simple ; 
£uweTA  regiilar,  polyandrous,  polygynous;  thalamus  convex,  often  elon- 
^B&ed ;  calyx  and  corolla  usually  coloured  alikO;  in  three  or  more  S-merous 
cirelefty  imbricated;  fruit  of  numerous  dry  or  succulent,  dehiscent  or  in- 
iekiacent  carpels ;  seeds  often  with  a  fleshy  testa  like  an  aril,  and  sua- 
yndfd  hy  a  long  funiculus ;  perisperm  fleshy,  homogeneous. — ^Illustrative 
GdMra  :  Tribe  1.  Maonousa  :  carpels  on  a  lengthened  thalamus,  leaves 
acaioely  dotted :  MatfnoUa,  L.  Tribe  2.  Wini-sbeji  :  carpels  in  a  circle ; 
ieaTeft  ^with  transparent  dots ;  stipules  often  wanting :  Drimya,  K.  Br. 

AJSniiiM,  te. — Closely  related  to  DiUeniacese,  this  Order  is  distinguished 
by  the  dnnerous  flowers,  and  in  many  cases  by  its  stipules ;  from  the 
AaooiaeesB  it  is  separated  by  its  imbricated  corolla  and  its  homogeneous 
perkperm.  The  convolute  stipules  enclosing  the  leaf-buds  of  Magnolia 
remind  us  of  the  stipules  of  Ficus  and  other  UrticacesB.  In  Magndia  the 
cooxse  of  development  shows  that  the  stipiiles  arise  from  the  edges  of  the 
leaf-stalk,  and  tnat  their  originally  free  edges  become  combined  to  form 
a  sheath  over  the  bud.  The  character  of  the  flowers  indicates  a  relation- 
akip  with  Schizandracese. 


and  Distriimtion. — A.  small  group  of  8  or  9  genera,  and  70-^ 
specks,  the  greater  number  of  which  belong  to  the  Southern  States  of 
North  America ;  sonoe  occur  also  in  the  West-India  Islands,  in  Janan, 
CHnay  and  India.  Drimys  and  TasTitanma  belong  to  the  extreme  souui  of 
South  America,  to  Australia,  and  New  Zealand. 


QoAtttlM  and  UsM. — ^Bitter  tonic  properties  in  the  bark  and  excess 
fiirely  fragrant  blossoms  are  the  most  striking  qualities  of  the  plants  of 
tkis  Order,  which  are  chiefly  handsome  trees  or  shrubs,  with  broad 
•kining  folia^  and  often  very  large  flowers.  The  barks  of  Magnolia 
jfiatKOy  grandiflordf  Fraseri,  &c.  are  used  in  the  United  States  as  aromatic 
tonics ;  MicneUu  numtfUia,  Aromodendron  ekgans^  and  Lirxodendron  tuli* 
pi/era  have  similar  properties.  The  odour  of  Magnolia  grandifloraj  and  of 
M.  gknica  and  M,  tripetaloj  is  so  powerful  as  to  become  very  oppressive 
in  close  places ;  the  last  two  often  induce  headache.  The  species  of 
llKehon  are  aromatic :  ISicium  aninUum^  Star-Anise^  is  so  called  from 
the  flavour  of  aniseed  in  the  whole  plant,  especially  the  fruit,  which  yields 
an  aromatic  oiL  /.  floridanum  has  similar  properties ;  and  the  seeds  of 
/.  rt^giomtm  are  burnt  by  the  Chinese  for  incense.  The  bark  called 
Winter *s  bark  is  that  of  Jhimys  Winteri ;  and  otiier  species  of  Dritma 
and  Tatmamda  have  similar  aromatic  and  tonic  properties.  Some  of  the 
larger  species  of  MagnoUoj  Michelia,  and  other  genera  are  valued  as  timber 
tnes  in  India.    Many  plants  of  this  Order  are  cultivated  in  this  country 
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on  account  of  their  beauty  or  fraffrance ;  some  are  bardy,  as  ▼ariouB  Mafr 
noliae  and  the  Ti\\iy'tFee(Liriodendr(m)  from  North  America.  Some  o 
the  ChineRe  and  Himalayan  Maf?nolia««  have  deciduouB  foliage  and  xnagni 
ficent  flowers,  such  as  M,  CampheUi  and  3f.  Ytdan ;  others  are  greenhoa» 
or  stove  shrubs,  such  as  the  species  of  IlUciufn  and  the  more  tende 
Magnolias. 

ANONACEiE.    The  Cubtakb-Apple  Obbsr. 
Coh,  Ranales,  Benth,  et  Hook. 

DuignoM. — ^Trees  or  shrubs  with  naked  buds  and  no  stipuleff ;  thalamus 
usually  prominently  convex ;  calyx  of  three  sepals ;  corolla  of  rax  p^^tals 
in  two  circles,  usually  valvate  in  the  bud,  hypogynous,  sometinies  co- 
herent ;  stamens  with  an  enlarged  connective,  mostly  indefinite,  on  a  larfre 
torus ;  carpels  usuallv  numerous,  separate  or  cohering ;  seed  ^th  runu- 
nated  perisperm. — Illustrative  Genera :  JBocageOf  St-Hil. ;  JCylopia,  L. 

AfBnltiM,  Ac. — This  Order  is  separated  from  the  Ma^oliaceie  in  general 
by  the  absence  of  stipules,  the  valvate  sBstivation  of  ^e  corolla,  and  the 
form  of  the  anthers ;  but  stipules  are  not  universal  in  the  Magnoliaceie, 
nor  is  the  corolla  always  valvate  here.    The  most  characteristic  features 
in  the  Anonacesa  are  the  trimerous  flowers,  the  double  corolla,  the  form 
of  the  anthers  and  carpels,  and  the  ruminated  perisperm,  which  latter 
indicates  a  relationship  to  the  Myristicaceae,  an  apetalous  Order.     Several 
remarkable  deviations  from  tfie  general  character  of  the  Order  exist,  such 
as  the  coherent  condition  of  the  horn-like  petals  in  RcUinia^  the  definite 
number  of  stamens  and  carpels  in  Bocagea  (which  is  related  to  the  Ber- 
beridacesB  and  the  MenispermaceaB\  and  the  concave  thalamus,  the  sepais 
and  petals  combined  to  form  a  nood,  and  the  perigynous  stamens  of 
Etiponiatia  laurina,    Monodora  has  a  single  carpeL 

Number  and  DiBtrilmtion. — Genera  about  40,  species  about  400 ;  natives 
of  the  tropical  regions  of  Asia,  Africa,  and  America. 

Qualities  and  Usm. — ^The  Anonacece  are  allied  to  the  Magnoliacess 
by  their  general  aromatic  and  fragrant  properties.  The  dry  fruits  are 
mostly  aromatic  and  pungent,  while  the  succulent  kinds  are  sweet  and 
agreeable  esculent  ^uits.  The  Custard-apples,  Sweet-sops,  and  Sour- 
sops  of  the  West  Indies,  and  the  Peruvian  Cherimoyas  are  the  fruits  of 
species  of  Anona.  The  fruits  of  Xyhpia  aromatica  are  used  as  pepper  bj 
tne  African  negroes  {Piper  athiopicum),  Monodora  MyriMicay  the  Talft- 
bash  Nutraeff,  has  qualities  resembling  the  true  Nutmeff.  Lance -wood, 
used  for  making  shafts,  bows,  &c.,  is  said  by  Schomburgk  to  be  the  wow 
of  Duguetia  gttttarerms.  8ome  of  the  species  of  Anona,  Uraria^  Xylop^j 
&c.  are  sometimes  cultivated  in  stoves  in  this  country,  forming  evergreen 
shrubs. 

MONIMIACEiE  are  aromatic  faees  or  shrubs  with  opposite  leases 
without  stipules ;  flowers  axillary,  diclinous ;  thalamus  concave,  pen- 
anth  in  1  or  2  circles,  tubular  below ;  stamens  numerous,  springing  uoni 
the  tube ;  ovaries  several,  free,  and  distinct,  enclosed  in  the  tube  of  the 
thalamus,  1-celled,  1-seeded ;  seeds  pendulous  \  embryo  minute,  with  thin 
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eotflfdons,  on  the  outside  of  abundant  fleshy  perisperm. — ^This  is 
Order  of  plants  belonging  chiefly  to  South  America,  but  occurring 
abo  in  Madagascar,  Java,  Australia,  &c. ;  sometimes  combined  with  the 
wTt  fiunily,  and  usually  referred  to  the  neighbourhood  of  Laiiracese,  from 
vhicii  they  are  distinguished  by  their  apocarpous  ovaries,  but,  like  the 
Atberospennacen,  standing  properly  in  their  vicinity  of  the  Anonaceffi, 
ti'«o«'  'With  MyristicacAie ;  for  some  genera  are  dichlamydeous.  They  are 
ai«D  relikUidto'Calycanths  and  Roses,  but  they  differ  from  these  Orders  in 
their  opposite  exetipulate  leaves  and  albuminous  seeds.  Baillon  unites 
then  -vHth  Calycanths  and  Atherosperms,  and  places  them  near  Magno- 
iaoeae,  to  whick  their  aromatic  properdes  ally  tnem.  They  are  not  of  im- 
p  ^rtanoe  economically ;  the  fruit  of  JSoldoa  is  eaten  in  Chili. — Genera : 
JfnaMRM,  Thouars ;  Citrornna^  R.  &  P. ;  BoldoOj  Juss.,  &c. 

MENISPEBMACE^.    The  Mook-beed  Obbeb. 
Coh,  Ranales,  Benth,  et  Hook, 


—Woody  climbers,  with  palmate  or  peltate  alternate  leaves, 
vithoat  6ti]>ules ;  flowers  dioecious,  rarely  perfect  or  polygamous ;  sepals 
sad  petals  similiu*,  in  three  or  more  circles,  imbricated  or  valvate  in  the 
kid ;  stamens  usually  6,  superposed  to  the  sepals  and  jjetals ;  pistils 
^)-6-gynous,  on  a  small  thalamus ;  fruit  a  l-seedea  drupe,  with  a  lai^e  or 
jiu^  eurved  embryo  in  scanty  perisperm. — ^lUustrative  Genera:  Jateorrhizaj 
Meniapermum,  Toumef. ;  CiaaampeloSf  L. ;  Cocctdus,  DO. 

be. — ^This  curious  Order  is  related  to  the  AnonacesB  and  the 
IVriiwridaceiB  through  Bocaffea,  especially  when  the  flowers  are  perfect. 
It#  neareat  neighbours  are  Lardizabalacess  and  SchizandracesB,  with  which 
tL«  plants  afsree  much  in  habit.  All  these  approach  the  Magnoliace® ; 
bni  the  habit,  the  generally  unisexual  flowers,  and  the  absence  of  stipules 
^ffarate  them  from  that  family.  This  Order  is  very  heteromorphous  in 
alnost  an  parts  of  its  structuro.  The  peculiar  organization  of  tne  wood 
and  ibliage  deserves  attention. 

nmbar  and  Diatrflmtion. — Genera  about  30 ;  species  (under  a  hundred) 
sn  natives  of  the  tropics  of  Asia  and  America,  forming  woody  climbers 
of  great  size  in  the  forests.  A  few  are  found  in  more  temperate  regions^ 
bat  none  in  Europe. 

QwaHtlBB  and  Usm. — ^Narcotic  and  bitter  properties  of  considerable 
power  occur  in  this  Order.  "  Cocculus  Indicus,  containing  the  poisonous 
pnodple  picrotoxine  in  the  seeds,  consists  of  the  berries  of  Anamiiia 
neoAu ;  Jateorrhtza  palmata  or  Cahtmba  furnishes  *^  Calumbarroot ; " 
different  species  of  Ci»ami)elo»,  as  well  as  Chondodendron  tomentommy  the 
routs  of  wLich  furnish  Pareira  brava,  are  used  as  tonics  and  diuretics.  In 
India  the  seeds  and  roots  of  '^  Gulancha,''  Tinospora  cordifdiay  are  used 
for  similar  purposes.  Species  of  Cocculus  and  Cissampeloa  are  grown  in 
rtoves  in  this  country;  some  of  the  North-American  Menisperma  grow  as 
Itttdj  climbers  here. 

LiRDIZABALACE^  constitute  a  small  group,  referred  by  Bentham 
«ad  Booker^  as  also  by  £aiUon,  to  Berberids,  and  by  De  Oandolle  to 
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Menisperms.  From  the  former  the^  differ  in  their  didinooB  flowed, 
mooadelphous  Btamens,  sutural  dehiscence  of  the  anthersy  and  more 
numerous  ovaries.  From  the  latter  they  differ  in  their  more  numeroos 
ovules  and  small  embryo  in  copious  solid  perisperm. — IJlustratire  Goiert: 
HoUhcellia,  Wall. ;  Stauntonia,  DC. ;  Lardizaiala,  Ruiz  et  Pay. 

The  species  are  mostly  from  the  cooler  parts  of  Asia  and  South 
America.  The  berries  of  some  are  edible.  HoUbceUia  and  SUamtoma 
(Nepal^  have  been  introduced  as  greenhouse  evergreen  ciimben^  and  are 
hardy  m  the  south  of  Fngland. 

SCHIZANDRACEiS  form  a  small  family  regarded  by  Bentham  and 
Hooker  as  a  tribe  of  MagnoliaceW;  from  which  they  differ  merely  in  their 
climbing  habit^  exstipulate  leaves,  diclinous  flowers,  and  ileshy  2-3-8eeded 
carpels. — Illustrative  Genera :  Kadmira,  Juss. ;  Schhtutdray  L.  C.  Rick 

The  species  belong  to  India,  Japan,  and  the  S.  United  States.  Ther 
are  insipid  and  mucilaginous.  Schizandra  cocctttea  (North  America)  is  a 
handsome  greenhouse  plant ;  Spheerostema  (Nepal)  has  been  introduced 
in  stoves. 

SABIAOEiE  are  a  small  Order  of  East-Indian  plants,  related  to  the 
Anacardiaceas,  and  particularly  to  the  Menispermaceady  in  the  cimmi- 
stance  that  the  sepals,  petals,  stamens,  and  ovaries  are  all  superposed  to 
each  other,  but  they  have  5-merous  hermaphrodite  flowers  and  a  syncar- 
pous  pistiL    By  Bentham  and  Hooker  they  are  placed  near  Si^indacee. 

BEBBERLDACEJE.    The  Bebbebby  Obdsb. 
Coh,  Ranales,  JBetUh.  et  Hook. 

Diagnosis. — Shrubs  or  herbs,  with  regular  hermaphrodite  flowers,  with 
the  sepals  and  petals  both  imbricated  in  the  bud  in  2  or  more  circles  of 
2-4  each  (fig.  343) ;  hypogynous  stamens  as  many  as  the  petals  and 
superposed  to  them ;  anthers  opening  by  2  recurved  valves.  Carpel  soli- 
tary, free ;  fruit  baccate  or  dry ;  embryo  straight  in  perisperm. — ^tllustia- 
tive  Genera :  Berberis,  L. ;  llpimedium,  L. 

Affinities,  &c. — To  Ranunculacead  this  Order  is  related  closely  by  /^v^ 
$onia  and  Podophyllum,    JSpimedium  allies  the  order  to  Fumariaces.   The 
apparent  su{>erposition  of  parts  is  here  due  to 
the  decussation  of  whorls  (tig.  343).    The  con-  fig.  34S. 

nexion  with  the  Anonaceae  through  Bocagea  has 
been  referred  to  above.  They  differ  from  Meni- 
sperms, to  which  their  floral  arrangements  ally 
tnem,  in  their  hemaphrodite  flowers  and  small 
embryo.  The  remarkable  mode  of  dehiscence 
of  the  anthers  connects  this  Order  in  that  respect 
with  Lauraceas  and  Atherospermaceae  amoxitf  the 

Monochlamydea.     «^«fopA;,ifam  Mafic<2»^l »  DUgnmoT^eWrf**- 
North- Amencan  plant,  is  interestmg  from  the      vSdiMi:  «,  a,  ImoieoiN. 


development  of  its  fruit :  the  pericarp  dehisces 

very  early,  and  the  two  seeds  ourst  out  and  ripen  into  naked  benr-Ii^ 

homes  with  a  succulent  testa.    The  leavea  of  tlieae  plants  aro  simple  or 
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ocunpound,  sometimes  reduced  to  the  condition  of  spines.  The  ripe  anthers 
po6dess  a  peculiar  irritability,  which  causes  their  valves  to  turn  back  and 
tKirst  when  touched,  saas  to  allow  of  the  emission  of  the  pollen. 

DMilfcmion. — A  small  Order  of  about  12  genera  and  under  a  hundred 
ffpecietf,  which  are  natives  of  temperate  climates  in  America,  Europe,  and 
tne  northern  part  of  India. 

QoAlitiM  and  Uses. — The  bark  of  the  root  of  some  of  the  Indian 
»pecies  contains  a  bitter  principle,  on  which  account  it  is  used  as  a  tonic 
in  fevers  in  lieu  of  quinine,  llie  '*  Lycium  "  of  the  ancients  was  identical 
vith  the  extract  prepared  in  India  from  the  wood  or  root  of  several  species 
of  Herberts,  The  nexberry  (the  fruit  of  Herberts  vulgaris)  and  the  fruits 
ot  other  species  are  acid  and  astringent,  and  are  eaten  pre8er\  ed.  The 
frtem  and  biirk  are  used  by  dyers,  both  on  account  of  their  astringent  pro- 
perties and  as  ingredients  in  a  yellow  dye.  The  rhizome  of  PowmhyUum 
lieUatuni  furnishes  a  resin  which  has  purgative  properties,  and  is  much 
used  as  a  substitute  for  mercury.  The  leaves  of  this  plant  are  narcotic ; 
bat  the  hemes  are  edible.  Herberts  vulgaris  is  a  British  plant,  often  cul- 
tivated on  account  of  its  beautiful  scarlet  berries;  the  evergreen  BerberacesB, 
B.  AqytfoUmn^  &c.  (MahvHiUf  Nutt.),  are  also  extensively  planted  on 
ftccount  of  their  shining  pinnate  leaves  and  the  grey  bloom  on  their  black 
berries.  £pimedium  aljjtnum  is  a  rare  British  plant,  found  in  the  northern 
countiea. 


NYMPH^LiCiLa:.    Wateb-Lilies.  ^ 

Coh,  Ranales,  Bewth,  et  Hook. 

Diagnosis, — Aquatic  herbs  with  cordate  or  peltate  floating  leaves,  and 
lolitary  showy  flowers,  proceeding  from  a  rhizome  growing  at  the  bottom 
of  the  water ;  the  partially  petaloid  sepals  and  the  numerous  petals  and 
"fmfflift  imbricated  in  several  rows  partially  or  wholly  emerge  from  a 
Wge  fleshy  disk;  the  numerous  carpels  combined  into  a  many-celled 
compound  ovary,  with  radiating  stigmas  on  the  top ;  ovules  all  over  the 
spongy  dissepiments ;  embryo  minute,  enclosed  in  a  separate  sac  at  the 
id  of  the  copious  perisperm. — lilustrative  Qenus :  Nymphtsa, 


-The  relations  of  this  striking  Order  are  varied,  and  some 

difference  of  opinion  exists  among  botanists  even  as  to  their  position  in 

the  two  great  clasMes  of  Angiuspermous  Flowering  plants.    The  embryo 

appears  to  be  truly  Dicotyledonous ;  and  they  naturally  approach  the  Papa- 

TerMsead  in  the  cliaracter  of  the  ovary,  and  the  Peeony  tribe  among  the 

Kanueolaceas,  especially  the  kinds  with  a  highly  developed  disk.    The 

character  of  tiie  Horal  envelopes  and  stamens  a!Uies  them  to  MagnoliaoesB. 

The  M^umbiaoeas  and  Gabumbaoes  are  immediately  connected  with 

them.    From  a  mistaken  view  of  the  structure  of  the  seed,  regarding  the 

Titellus  or  amniotic  inner  endosperm  as  a  cotvledon,  Richard  assumed 

that  this  Order  was  Monoootyledonous ;  and  altnough  it  has  proved  that 

this  account  of  the  structure  of  the  embryo  was  incorrect,  the  plants  are 

•0  anomalous  in  many  respects,  that  it  is  difficult  to  decide  as  to  their 

ckaeal  relationahips.    The  stnicture  of  the  rhizomes  is  quite  that  of 
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MonocotyledonouB  Btems ;  the  habit  relates  tbem  to  the  Hrdrocbaiidacefe 
and  the  fltructure  of  the  ovaries  indicates  some  affinity  with  Aliamaeea&< 
When,  however,  we  regard  the  Dicotyledonous  embryo  and  its  gerinination  j 
the  quaternary  or  ^uinaiy  plan  of  the  flowers,  and  the  netted  nbbing^  of  th<3 
leaves,  together  with  the  close  relation  to  the  Dicotyledonous  Orders  abo^'C 
named,  the  balance  of  characters  is  strongly  in  favour  of  its  reference  to 
this  class.    NymphsBacesB  are  very  interesting  in  structural  respecti^ — as, 
for  example,  in  the  anomalous  condition  of  the  rhizomes,  the  remarkable 
development  of  the  leaves  in   Victoria^  the  curious  succession  of  fomis 
betj^een  petals  and  stamens  in  the  flowers  of  Nyn^htta  and  Victoria^  the 
vanous   degrees  of  development  of  the  disk  and  enlarged  receptacle, 
ranging  from  Nuphar  witn  a  superior  ovary  to  Victoria  with  its  ovary 
sunk   m  the  receptacle  and  its  stamens  and  envelopes  raised   on   an 
annular  disk,  the  seeds  growing  all  over  the  dissepiments,  and  in  the 
peculiar  condition  of  the  albumen.    Bardaya  has  umted  petals. 

Distrlbation. — A  small  family  of  4  or  6  genera  and  dO  to  40  species, 
which  are  distributed  throughout  the  world,  more  rarely  in  the  aouthem 
hemisphere. 

Qualities  and  Uses. — These  plants  are  said,  on  doubtful  authority,  to 
be  sedative  and  narcotic.  More  important  characters  arise  from  the  pre- 
sence of  starch  in  the  seeds  of  various  kinds  of  XymphaOy  of  Emryale  and 
Victoria^  which  are  used  as  food.  The  rhizomes  of  some  Nymphieas  are 
eiten  in  Scinde,  others  in  Western  Africa.  Among  the  most  remarkable 
plants  of  the  Order  is  the  Victoria  regia,  a  native  of  the  rivers  of  equa- 
torial America,  with  its  enormous  circular  leaves  and  beautiful  flowers. 
Our  native  Water-lilies,  the  white  (Kymph€ea  alba)  and  vellow  (Niqfhar 
haea),  are  both  strikinsr  objects,  and  the  cultivated  KympluHi  e€frHUa  and 
the  crimson  N,  rubra  illustrate  the  brilliancy  and  variety  of  colour  in  this 
beautiful  Order.  iV^  yigantea,  a  blue-flowered  Australian  species,  has 
flowers  almost  as  laige  as  those  of  the  Victoria, 

Cabombacb^,  consisting  of  only  two  species,  of  the  genera  Cabomba 
and  Breuenia  {JSydropeltis) ,  are  sometimes  separated  from  NymphsBacese, 
of  which  they  are  a  reduced  form,  with  definite  sepals  and  petals,  hypo- 
gynous  stamens,  distinct  carpels  provided  with  styles,  inserted  on  a 
flattened  torus,  and  containing  one  or  two  ovules  on  the  dorsal  suture. 
They  are  closely  allied  to  Kanunculacese,  but  differ  in  the  embryo 
enclosed  within  a  double  albumen.  Both  genera  occur  in  America,  and 
Braaenia  also  in  the  East  Indies  and  Australia. 

NELUMBIACE^  are  large  aquatic  plants,  like  Wateivlilies,  bat  with 
distinct  carpels,  forming  acorn-shaped  nuts  separately  imbedded  in  cavities 
ot  a  large  top-shaped  thalamus.  Seeds  solitary,  aperispermic  This 
Order  consists  apparently  of  the  two  species  of  the  one  genus  Nehimhium^^ 
N,  speciomnif  supposed  to  be  the  Sacrod  Egyptian  Bean,  found  throughout 
the  East  Indies,  out  no  longer  met  with  in  ^E^ypt,  and  N.  luteum  in  North 
America.  They  are  nearly  related  to  Nympheeacees,  through  Cabombaoefe ; 
and  both  are  included  m  that  family  by  Bentham  and  Hooker.  The 
enlarged  receptacle  of  the  flower  is  very*^  curious,  and  the  peltate  leaves 
raised  above  tlie  water  on  long  stalks  are  renuirkable  objects.    The  nuts 
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ire  the  zipeDed  caipelfi,  which  are  contained  in  separate  sockets  ih  the  top 
/  the  tlwlAinus ;  the  aeeds  have  lar^e  flat  fleshy  cotyledons  applied 
ft/sizut  the  plumule,  which  is  unusually  developed.  The  seeds^  as  also 
tk«  tubers  of  N.  luteum  and  the  rhizomes  of  iv.  speciotuniy  are  esculent, 
bdzig  full  of  farina  at  certain  seasons. 

SARRAC£NIAC£LE  axe  polyandrous  and  hypogynous  Bog^plants, 
with  hollow  pitcher-shaped  or  trumpet-shaped  leaves,  and  regular  poly- 
cadrous  hrpog^'nous  flowers. — ^Qlustrative  Genera :  Sarracema,  L. ;  ^r- 
Irnftimia,  torr. 

iHiiiti— ,  ftcb — These  curious  plants,  chiefly  remarkable  for  their 
iQoaialous  leaves,  forming  ascidia  or  pitchers,  are  few  in  number,  con- 
qating  of  a  few  species  of  Sarracenia  in  the  United  States,  a  Darlingtonia 
is  Califoniiay  and  HeUamphora  in  G-uiana.  Sarracenia  has  a  very  large, 
UKular,  peltate  stigma,  while  that  of  Hdiamphora  is  simple  and  truncate. 
Tker  are  regarded  as  related  to  KanuhculacesB  by  the  4'5-merous  and 
imbricated  envelopes  and  the  numerous  h}^ogynous  stamens,  while  the 
ecli«reiice  of  the  carpels  into  a  compound  ovary  brings  them  at  the  same 
time  near  Papaveracese  ]  but  the  placentas  are  axile.  The  pitchers  are 
IB  this  ease  tbrmed  by  the  disproporlionate  growth  of  the  marginal  as 
coolraited  with  the  central  portions  of  the  leaf.  They  secrete  a  digestive 
Inid  which  causes  the  solution  of  insects,  &c.,  which  find  their  way  into 
Uic  pitcheiBy  and  which  solution  is  in  time  absorbed  by  them. 


PAPAVEEACEjE.    The  Poppy  Oedeb. 

Coh,  Parietales,  Benth,  et  Hook, 

diagnosis, — Herbs  with  milky  (white  or  coloured)  juice,  alternate 
eistipuUte  simple  or  lobed  leaves ;  flowers  regular,  2-merous  or 
4-iDeroa8 ;  sepals  caducous ;  stamens  polyandrous,  hypogynous, 
nrely  perigynoiis ;  ovary  synoarpous,  1-celled,  with  2  or  many 
parieud  placentas. 

Character, 

Thalamus  flat  or  expanded.    Calyx :  sepals  2,  rarely  3,  caducous. 
Corolla :  petals  4,  rarely  6,  hypogynous,  mostly  crumpled  up  in 
cstivatioa.     Stamens  free  and  distinct,  indefinite,  hypogynous  ; 
Mthtrs  2-celled,  bursting  longitudinally.     Ovary  free,  composed 
of  2  or  more  carpels  (very  rarely  distinct),  1-celled ;  ovules  nu- 
merous, very  rarely  solitary ;  placenias  broad,  parietal,  on  the 
projecting  incomplete  dissepiments  ;  style  short  or  none  ;  stigmas 
nuluiting,  double,  opposite  the  imperlect  dissepiments;  ovules 
anatropous  or  amphitropous.     Fruit  capsular  (tig.  345)  with  a 
number  of  placentas  on  imperfect  septa,  or  pod'^sbaped  with 
parietal  placentas,  the   dehiscence  valvular  or  porous;  seeds 
mostly  numerous ;  embryo  minute,  straight,  at  the  base  of  fleshy 
odr  perisperm. — ^Illustrative  Genera:    Chelklonium^  Tournef. ; 
Pa/Kurer,  loumef . ;  Glaucium,  Tournef. 
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*«n«l«^*fl.— 'nietvpica]fl(n»lformuUUS2P4cs3A»G9.  T«bin 
the  common  Poppiwi  as  U-pes  of  this  order,  we  find  n  marked  distinrtion  fret 
ItaDuncuLftcete  in  the  2-Tuerou3  cftlyx,  the  confluent  urpeU,  Mid  the  milk 
juice ;  but  the  first  two  of  these  characters  do  not  ho!a  universilly,  einc 
Arnemrme  has  Bometimes  3  sepftls,  and  PtaigtUmim  htia  the  carpek  mor 
or  less  distinct,  or  united  only  slightly  eitemally.  Boenmia,  with  sidhJ 
flowers  and  no  petals,  approaches  to  TkaHctram  ;  it  hsa  hut  a  ain^t 
carpel,  Monstrotw  capsules  of  Papavrr  occur  in  gardens  with  the  carpel 
partly  free,  somewhat  u  in  Nigetla.  This  Order  is  also  related  to  th 
NymphEeacete  by  the  (reneral  structure  of  the  flower  of  J^ipflwr;  and  thi 
disaepJments  extend  quite  to  the  axis  in  the  Califomiao  genui  Ronmej/a 

Fig.  344. 


Ths  Opium  leoppj. 


Is  of  PopiT  {TafOrtr)  :  0, 


Another  sentis  from  the  same  reicion,  DtHdrotiienm,  has  peculiar  double- 
lined  parietal  placentas,  snd  the  capsule  bursts  into  2  valves  wilh  the 
seeds  on  the  margins,  as  in  Ciatacete.  Tlie  qualemary  arrangement  of 
the  floral  envelopes  and  ihe  pod-shaped  ovary  of  Eachachalliia,  Glmicaan, 
Chelidonmm,  &c.  cause  a  close  resemblance  to  Crudfene  and  Capparidscsfe, 
from  which,  however,  there  is  a  marked  distinction  in  the  perisperniic 


seeds  and  the  narcotic  milky  Juice.    The  tetradynanioua 
CruciferEe,  too,  almost  always  alTord  a  striking  character ;  but  a  remsm- 
able  exception  is  supplied   by  an  East-Indian   polyandrous  Cnicifer 


(Mfgararpifa  piili/nnrlra),  whose  stamens  are  numercus  like  those  of  a 
Poppy.    The  nearest  relatives  of  the  PapaveraceK  are  the  FumuiieeK, 
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viach  are  comliiiied  with  them  as  an  irregular  form  by  some  authors. 
Tbe  agreement  ia  great  in  many  respects;  but  the  Fumariaoeae  have 
ureinilar  flowers,  diadelphous  stamens,  and  a  watery  juice :  the  genus 
H^pwmm,  however,  has  the  corolla  nearly  regular,  and  its  4  stamens  are 
iiiEtinct :  and  Meconella,  in  the  present  Order,  has  but  4-6  stamens ;  so 
thftt  Hffpecoum  is  midway,  as  it  were,  between  the  Orders. 

Tlie  atnictoral  points  most  worthy  of  note  are  the  varied  conformation 
ci  the  OTiry,  and  the  peculiar  construction  of  the  stigmas  by  two  lamellsa 
fioTB  adjoining  carpels.  There  is  a  curious  enlargement  of  the  receptacle 
•:*f  EMtekoUsia^  with  circumscissile  separation  of  the  coherent  caducous 
v-|ja]s  in  the  form  of  a  conical  cap.  The  stamens  and  petals,  moreover, 
Irronme  perigynous  in  this  genus.  The  sepals  in  most  cases  fall  off  when 
ti^  flowers  expand,  so  that  they  must  be  observed  in  unopened  flowers. 
In  £tt^9choltsia  the  receptacle  is  at  first  flat  with  two  sepals,  which 
\ieeoine  connate,  four  petals,  three  rows  of  stamens,  and  four  carpels^  of 
whii^  two  are  abortive  (M.  T.  M.). 

Dfililliatkm. — ^The  group  is  not  a  large  one ;  but  the  species  occur  in 
an  porta  of  the  globe,  but  sparingly  out  of  Europe  (in  a  wild  state). 

QcMlitics  and  Uaea. — ^The  milky  or  coloured  juice  of  Papaveracese  is 
T«>e»Dv  powerfully  narcotic,  sometimes  acrid.  Papaver  somniferunif  the 
^►ptnin  Poppy  (fig.  344),  is  the  most  important  plant  of  the  Order,  the 
cpiiun  consisting  of  the  dried  milky  juice  obtained  from  the  unripe  cap- 
icleg  (fig.  345).  Its  native  country  is  unknown  ;  but  it  is  largely  culti- 
TBted  in  Turkey  and  the  East  Indies.  Its  seeds  yield  a  fixed  oil,  which 
is  <)Qite  harmless  and  is  used  both  by  itself  and  as  a  means  of  adulterating 
olire-oil;  the  oil-cake  is  also  used  for  feeding  cattle.  The  seeds  oi 
Ar^emoHe  mexieana  are  narcotic-acrid.  The  yellow  acrid  juice  of  CAe/t- 
dminun  mqJMSy  as  also  that  of  Bocconia  fruteacens,  is  poisonous,  and  is 
icmetimea  used  as  an  escharotic.  Sangumaria  canadermSf  the  Blood-root 
yr  pQOOoon,  receives  the  former  name  from  the  red  juice  of  its  root,  which 
if  employed  in  North  America  for  its  emetic  and  purgative  properties. 
MnnmoptU  nepaletms  is  said  to  be  very  poisonous,  especially  in  the  roots. 

Several  plants  of  this  Order  are  wild  m  this  country,  as  the  four  kinds 
of  Sed  Poppy  of  our  fields,  the  commonest  of  which  is  Papaver  JRhcMt8, 
P.  wmmferum  is  a  oom-field  weed  in  many  places  on  chalky  soil ;  and  its 
anmerous  double  varieties  are  to  be  found  m  most  wardens.  Glaudum 
Mffvm,  the  yellow  Homed  Poppy,  grows  on  our  sea-shores ;  Chelidonium 
^'(^  grows  about  hedges  near  villages,  and  is  apparently  an  outcast  from 
gardens ;  the  other  native  plants  of  this  Order  are  less  common.  JEsch-^ 
fdioUsia,  a  Califomian  genus,  is  now  found  in  every  garden ;  and  Platy^ 
ikmonj  ArgemouM,  and  other  genera  are  also  cultivated  here. 

riTMARIACE^.    The  Fumitoet  Obdbb. 

Cch,  Parietales,  Benth,  et  Hook, 

DiagnMU, — Delicate  smooth  herbs  with  watery  or  colourless  juice, 
dissected  leaves,  irregalar  flowers,  with  4  partially  united  petals, 
^  diadelphous  or  4  cOstinct  stamens  ;  ovary  1 -celled,  1-seeded,  or 
Bevenl-seeded  with  two  parietal  placentas. 
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CharaeUr. 
Thalamus  smalL     Calyx :  sepaU  2,  caducous.     Corolla  :  petdU  4. 
irregular,  in  2  circles.    Stamens  hypogynous,  rarely  4  ajid  di- 
stinct, opposite  to  the  petals,  or   6,   diadelphous,  the   parcels 
opposite  to  the  outer  petals,  each  with  a  central  2-celled  authei* 
and  2  lateral  1-celled  anthers.    Ovary  free,  1-celled ;  style  filiform  ; 
stigma  with  2  or  more  points ;  ovules  horizontal,  amphitropous. 
Fruit :  an  indehiscent  1-  or  2-8eeded  nut,  or  a  dry  2-valved  or 
succulent  indehiscent  many-seeded  pod;  seeds  shining,  mostly 
ariliate;  embryo  minute,  abaxial,  straight  or  cun'ed,  in  fleshy 
perisperm. — Illustrative   G-enera:    Dicentra,  Borkh. ;    I*\anaria, 
Tournef. ;  ffypecoum,  Toumef . 

AAnltlM,  aOi — ^The  close  relationship  to  FapaveracesB  has  been  pointed 
out.    Bentham  and  Hooker  indeed  inclade  Fumitories  mider  that  iamily. 
Hypecoumy  with  its  four  distinct  stamens,  diverges  from  the  ordinary  type 
immediately  towards  that  Order.    The  number,  form,  and  arrangement 
of  the  floral  envelopes  mark  an  affinity  to  the  BerberidaoesB,  which  like- 
wise have  stamens  opposite  to  the  petals.    A  further  relationship  exists 
in  the  direction  of  Cruciferss,  concerning  which,  however,  authors  axe  at 
variance,  on  account  of  the  curious  condition  of  the  dindelphouB  stamens 
here.    The  view  taken  of  the  morphology  of  these  flowers  by  Payer, 
Eichler,  Caruel,  and  others  is  that  there  are  two  sepals  formed  succes- 
sively, two  outer  petals  formed  simultaneously,  two  inner  petals  also  formed 
simultaneously,  two  outer  staminal  tubercles,  each  of  which  becomes  three- 

lobed;  a  second  staminal  whorl  is  abortive— S  2  P2+2A2-|-2G2. 
The  trilobation  of  the  petals  of  Hypecoum  is  analogous  with  that  of  the 
stamens.  [In  Dielytra  I  find  in  the  course  of  development  two  sepals, 
four  petals  m  two  rows,  two  *'  compound  stamens ''  (of  which  the  central 
lobe  IS  largest  and  bears  a  two-celled  anther,  while  the  lateral  ones  have 
but  a  single  anther-lobe),  and  two  caipels. — M.  T.  M.]  The  mode  in 
which  the  homed  stigmas  push  themselves  against  the  extrorse  anthers  in 
the  blossom  of  lytmariay  while  the  petals  cohere  by  their  tipt»,  is  worthy  of 
examination,  as  also  are  the  modifications  of  the  staminal  bundles  in 
Fumaria,  JDicentra,  &c.  The  long  pod  of  Hypecoum  has  transverse  spurious 
septa  between  the  seeds.    The  pollen  of  Fumaria  is  polyhedric 

Dlstrlbation. — The  species  are  not  ve^  numerous,  and  are  mostly  found 
in  the  temperate  parts  of  the  Northern  Hemisphere. 

QnalitlM  and  Uses. — Mild  bitter,  sometimes  rather  acrid,  and  with 
slight  diaphoretic  and  aperient  properties,  but  of  little  importance  in  thi^ 
respect.  The  genus  fumaria  has  a  number  of  rather  doubtful  species  in 
this  country ;  Corydalia  claviculata  is  not  very  rare  in  woody  places,  and 
several  tuberous-rooted  species  of  Corydalis  are  found  as  hardy  nerbaceou^ 
plants  in  our  gardens.  iJicentra  {Dielytra)  spectabilisj  a  handsome  Chinese 
species,  is  now  p^atly  cultivated  as  an  early-flowering  greenhouse  plant; 
but  it  is  hardy  m  some  situations. 
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CRUCIFERM.    CbobB'Floweb8. 
QA.  Farietalea,  Senlh.  el  Hook. 
—Herbs  with  &  pungent  watery  juice,  cruciform  4- 
u  flowers,  tetradynomoua  atomens,  a  siliquose  or  eiliculoise 
ttm,  and  aperispennic  seed. 

Character, 
Calift:  KfdU  4,  deciduoiui,  imbricated   or  valvate   in  the   bud, 
ConSa:  petalt  4,  distinct,  stalked,  arranged  in  the  form  of 
■  CTOM,    alternating    with    the 
Hpab  (fig.  346).     Stantem  tetra-  fV-  346. 

d)  Damons    (fig.  347),    a    single 
I     ihist  one  opposite  each   lateral   j 
Kpal,  and  a  pair  of  long  oi 
opposite   the  anterior    and    the 
poeterior  sepals,  with  sm^l  ^^oiuZf 
laterreDing  between  the  stamens 
M  the  receptacle.     PolUn  gene- 
ally   ovoid,    with    three    folds. 
ftwy  aolitaiy,  2-celled  by  a  spu- 
riona  dissepiment  (replum)  ex- 
tending across  from  the  middle 
line  of  Ae  two  i«rietal  placentas;  ^'^{"^ 
aigmat  2,  sessile,  opposite  the 
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plaeentsB.  Fruit:  a  lilupu  (fig.  349)  or  s  tUkU  (fig.  3501. 
usually  2-eelIed  by  the  replum,  from  which  the  Takea  Bepante 
in  dehiscence,  leaving  the  placentas  as  a  frame :  or  l-celled  from 
the  imperfectioQ  ot  the  replum  (fig.  350),  and  iodehiscent  or 
breaking  across  at  coDstricted  places ;  lefits  geuerallv  penduloiu 
in  a  single  row  on  each  placental  margin,  the  two  rows  ei'tiei 
intercalated  in  one  line  or  in  two  collateral  lines  on  the  replum ; 
embryo  with  the  radicle  variously  folded  on  the  cotyledons. 
without  pcrispenn. 

Fig.  361.  1^.  353.      | 


Kg.  !tM.  S{lideafI*iiHi:>.(iil>»|  ft.cr«iHotiaB. 

Fig.  3«1.  Bunt  (ilidr  or  IVtupi. 

Pig.  3i2.  Bred  of  £r|riHniiiii  cut  Tcrtiimlly :  o,  fmuiuliu. 

De  Candolle  divided  this  large  and  very  natural  Order  into ' 
Suborders,  founded  on  the  mode  of  folding  of  the  embryo,  thus:— 
1.  PUwrorhizm  (  o  =},  with  the  radicle  turned  round  the  sides  or 
edges  of  the  flat,  Bccumbent  cotyltdons  ;  2.  Notorhiza  {o'X"^^^ 
the  radicle  folded  against  the  bock  of  one  of  the  flat,  incumbrpt 
cotyledons;  3.  Orth^heas  (o  >  >),  the  radicle  similarly  folded, 
but  the  incumbent  cotyledons  longitudinally  folded  (induplicate)  fo 
as  partly  to  surround  it;  4.  Spirolobra  (oINI).  the  ootyledoos 
linear,  incumbent,  and  folded  or  rolled  over  on  themselves  and 
against  the  radicle;  5.  i>ip&)fo?t>6^(r(  oil  111;),  the  cotyledons  linesr 
incumbent,  and  twice  or  thrice  transversely  folded. 

Some  writ«r8  have  eatablished  Suborders  on  the  characters  of  the 
fruit,  using  those  of  the  embryo  for  subdiviBion,  thus: — 1.  SUi- 
quo$ix,  with  a  silique  opening  by  valves  ;  2.  Siliculottg  laiiMpM, 
with  a  silicule  opening  by  valves,  the  replum  in  the  broader  diame- 
ter ;  3.  Siliculasce  angvstitepttg,  a  valved  silicule  with  the  replum  is 
the  narrower  diameter ;  4.  A'ueumenlacece,  with  an  indehiscent 
silicule,  often  l-celled  without  a  replum  ;  5.  SeptulaUt,  with  the 
valves  bearing  transverse  septa  in  the  inside :  6.  lArmentoMa,  with 
a  pod  breaking  across  into  l-seeded  pieces,  sometimes  ivith  a  1-2-, 
seeded  beak  above  the  abortive  true  pod.  Bentham  and  Hooker's 
arrangement  closely  corresponds  with  this  :  but  the  Suborders  are 
all  more  or  less  artiGcial. 
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iLLCsnuTiTE  Genera  :  Cheiranthm,  R.  Br. ;  Arabis,  L. ;  Alysmm^ 
L:  EnphUa,  DC. ;  CockUaria,  L. ;  Iberitt,  L. ;  Cakile,  Tournef. ;  Ery- 
emm,  L. ;  Capsdla,  Vent. ;  Lepidium,  11.  Br. ;  Braaaicay  L. ;  Crambe, 
I'iunie£ ;  Raphanus,  Tournef. ;  Subidariay  Adans. ;  Schizopetahn,  Hook, 

AfinitiM,  fta — The  relationships  of  this  Order  to  Papaveracess  and  Fiw 
Baiiacds,  and  thence  with  the  apocarpous  Orders  standing  near,  have 
Wd  dwelt  on  already.  With  the  Capparidacese  the  agreement  is  still 
f]<«er,  in  the  general  character  of  the  flower  and  in  the  seeds ;  hut  when 
VaJL  Order  has  so  few  as  six  stamens  they  are  not  tetradynamous — an 
ixwt  universal  condition  in  Cruciferae.  The  true  nature  of  the  plan 
r:  lae  anomalous  flower  of  this  Order  is  a  suhject  of  considerahle  con- 

tnvefsy.  The  numerical  arrangement  i8S24-2P4A2 +4  G  2,  disposed 
ias:-^..  -h :  P : :  A..  + : :  G., ,  The  two  lateral  sepals  are  attached 
ii^'lierup  than  the  other  two,  the  four  petals  are  in  a  single  whorl.  Lindley 
^i  miny  others  regard  the  six  stamens  as  helonging  to  two  circles  of 
Ur.  the  outer  of  wmch  has  always  two  stamens  abortive,  while  the  inner 
|«in  should  normally  stand  singly  before  the  four  petals.  If  the  glands 
n  the  receptacle  are  to  be  regarded  as  abortive  stamens,  which  is 
;>U(i9:ble,  this  structure  really  does  exist  in  Erysimum  Peroffskiantim, 
vbeie  the  two  glands  stand  opposite  two  sepals  and  form  a  circle  with 
u«  tiro  short  stamens ;  but  there  appears  to  be  as  many  as  six  glands  in 
*jo»?  Crucifers,  which  involves  the  existence  of  three  staminal  circles :  as 
i  p^yandrous  form  (Megacarp<Ba  polyandrd)  has  been  met  with,  we  may 
'^pa  idmit  this.  De  Candolle,  Moquin-Tandon,  and  Webb  regarded 
ts-^  gtamois  as  normally  four,  the  pairs  being  formed  by  chorisis.  As  to 
tke  ovary,  it  is  explamed  as  bemg  composed  of  two  carpels  with  a 
jponoQs  dissepiment;  the  stigmas  opposite  the  placentas,  like  those 
^'P(^ver,  being  double  and  composea  of  a  half  from  each  carpel,  just 
» the  placentas  are.  The  fact  tnat  four  carpels  are  sometimes  found 
»  moiutrosities,  and  are  constant  in  the  genus  Tetracellionj  merely  indi- 
'^sa  return  to  a  symmetrical  condition,  ordinarily  interfered  with  by 
*p?prwrion  of  two  carpels.  The  most  recent  views  as  to  the  structure  of 
ti^  dower  are  those  of  Eichler,  who  affirms  the  existence  of  chorisis  in  the 
\n  etamenn.  Uis  notion  is  that  the  flowers  of  Crucifers  consist  of  two 
>&t€io-poeterior  sepals,  two  lateral  ones,  four  petals  crossing  the  lateral 
>p«U  oiagonally,  two  lateral  short  stamens,  two  antero-posterior  long 

taiDflis split  into  two, and  two  lateral  carpels  j  S2+2P4A2-h2  G2. 
Hiese  views  are  adopted  after  an  examination  of  the  development  of  the 
il'^ver,  in  which  there  are  first  to  be  seen  two  tubercles  for  the  fore  and 
^''sepals,  then  two  for  the  lateral  sepals ;  the  four  petals  originate  simul- 
tvieouflly ;  the  two  short  stamens  arise  opposite  tne  lateral  sepals,  the 
^0  other  staminal  tubercles  are  subsequently  developed  at  a  higher  level 
tlun  the  preceding  and  decussate  with  them ;  these  two  after  a  time  be- 
<^e  notched,  the  notch  gradually  deepens  and  ultimately  forms  two 
^^toKt  stamens.  The  position  of  the  carpels  is  sometimes  antero- 
P^rinr  (:)  sometimes  literal  (  ..).  The  elands  of  the  disk  also  vary  in 
Bumber  and  position,  and  may,  as  suggested  by  Mr.  Worthington  Smith, 
y  the  representatives  of  abortive  stamens  or  pistils,  which  would,  if 
l^y  developed,  render  the  flower  symmetrical  and  isomerous.  Van 
ui^hem  considers  the  gynaecium  to  consist  of  four  carpels,  two  of  which 
^  OToliferous  and  termmate  in  stigmas,  while  the  other  two  are  sterile. 

p2 
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Rev.  G.  Henslow  suggests  that  the  original  type  was  not  binarr  or  I 
quaternary  as  generally  considered,  but  quinary,  the  fifth  member  ofj 
each  quincuncially  arranged  whorl  being  suppressed.  As  a  rule  Cruc^eR ! 
have  in  the  adult  condition  bractless  flowers ;  a  few  species  bave  bracts : 
normally ;  and  they  sometimes  occur  as  abnormalities,  and  are  then  placed  I 
at  the  base  of  the  peduncles,  or  emerge  ^m  the  side  of  them,  owing  to : 
imperfect  detachment  of  bract  and  pedicel,  and  consequent  uplifting  or 
displacement  in  course  of  growth.  Subularia  has  periffynous  stamemi 
spnnging  from  a  cup-shaped  receptacle.  The  fruits  of  Morvtia  and  Geo- 
coccus  npen  under  ground.  The  long  stamens  of  AtdarUhera  harr 
1-celled  anthers.  In  Streptanihus,  and  some  species  of  Vdia,  the  loi^i 
stamens  are  connate  in  pairs. 

Dlstiibntloiu — This  large  Order  is  very  natural,  and,  as  usuallj  bap- 
pens  in  such  cases,  the  genera  are  very  difHcult  to  define.  The  apeciee; 
are  most  abundant  in  temperate  ana  cold  climates,  and  seldom  found 
otherwise  than  on  mountains  in  the  tropics. 

Qnallties  and  UaMi — ^The  general  character  is  antiscorbutic,  the  waterr 
juice  being  often  pungent  and  occasionally  acrid.  The  seeds  yieli 
oil,  which  is  contained  in  their  cotyledons.  By  cultivation  the  acrid 
juices  become  milder,  and  the  structures  are  easily  made  very  succulents 
from  abnormal  development  of  parenchyma.  Under  these  conditions  they 
become  valuable  esculents,  either  in  their  roots,  as  the  Turnip  (^roM^ 
Mapa),  their  stem  and  leaf-stalks,  as  Sea-kale  (Crambe  mttriUma)^  their 
stem,  leaves,  or  undeveloped  inflorescence,  as  Kohl-rabi,  Cabba^re^ 
Greens,  Kales,  &c.  in  all  their  varieties,  and  Cauliflower  and  Broccoli,  all 
apparently  derived  from  Brassica  olefacea  by  cultivation.  Brasfica 
JyapuSf  Kape  or  Colza,  is  most  valuable  on  account  of  the  oil  in  its  seeds, 
and  its  oil-cake  as  food  for  cattle.  The  Swede  Turnip  is  supposed  to  be 
a  hybrid  between  B,  campesti-is  and  B.  Rapa  or  Kapus,  Radishes  ( /2a- 
phmms  sativus)^  Horse-radish  (Armoracia  ntsttcana),  are  cultivated  on 
account  of  their  pungency,  as  are  also  the  herb  and,  still  more,  the  seeds 
of  the  Mustards,  SinapU  alba .  and  nigra^  the  latter  of  which  yields  the 

S roper  table-mustard  seed.  Water-cress  {Nasturtium  officinale)  and  Gar- 
en-cress  (Lepidium  sativum^  are  pungent  salad-plants.  Isatis  tmctoria 
and  a  Chinese  species,  /.  indigotica,  yield  a  blue  dye  from  their  siliclt?^. 
Many  of  the  Cruciferae  are  remarkable  for  containing  sulphur  compounds, 
both  in  the  seeds  and  in  the  herbage,  whence  the  disagreeable  smeU  of 
water  in  which  they  have  been  boiled,  or  even  of  the  bruised  fresh  plant 
of  some,  as  Erysimum  AUiaria.  Oil  of  Mustard,  obtained  by  maoeratinsr 
the  seeds  of  Black  Mustard  in  water  and  distilling,  is  violently  acrid. 
Many  of  the  genera  cited  in  the  list  above  are  represented  by  common 
wild  plants  in  this  country,  the  rest  are  found  in  most  gardens ;  Mattkioh 
is  the  Stock,  Cheiranthus  Cheiri  the  Wallflower,  &c. 

CAPFARIDACE^  are  herbs,  shrubs,  or  rarely  trees,  with  alternate 
simple  or  lobed  exstipulate  leaves ;  cruciform  flowers ;  stamens  nomeix>iis. 
or,  if  6,  not  tetradynamous,  on  a  disk,  or  with  an  intemode  aeparatinsr 
them  from  the  corolla,  and  a  1-celIed  pod  or  berry  with  2  or  more jparietaJ 
placentas;  seeds  reniform.  aperispermic. — ^Dlustrative  Genera:  Tribe  1. 
CLR0MK2B.  Fruit  capsular :  Oeome,  DC. ;  Fblamsia,  Raf,  Tribe  2. 
CAPPABKiB.    Fruit  baccate :  Cadaba^  Forsk. ;  Cappans,  L. 
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Aa — This  Order  is  closely  related  to  the  GruciferiBy  both  in 
gcn^ivt  and  properties,  being  distinguished  chiefljr  by  the  stamens, 
vhieli  ve  mostly  indefinite,  or  which,  when  only  six  in  number,  are  yery 
raniT  tetndynamous,  and  by  the  sdpitate  oyary.  The  parietal  placentas 
aad  tiie  disk  ally  them  to  the  Besedftcete,  which  likewise  haye  kidney- 
cbaped  tperispermic  seeds ;  there  is  a  more  distant  affinity  to  the  BixacesB, 
^^i3ch  hsTe  peiispermic  seeds.  The  deyelopment  of  the  intemodes  between 
xhe  cirdfls  of  floral  organs  is  a  striking  character  in  yarious  Cappari- 
(bceae :  in  Cieame  and  Vdpparis  the  thalamus  has  rather  a  discoid  deye- 
k-poient  below  the  stamens,  the  oyary  being  stalked ;  in  Oynandropsis  and 
Cadab^  there  is  a  stalk-like  prolongation  of  the  thalamus  between  the 
toroOa  and  stamens  and  between  the  stamens  and  the  oyaiy.  This  struc- 
;are  eaonects  the  plants  in  some  degree  with  Passifloracesa.  In  some 
■peciu  of  IlartMj  moreoyer,  there  is  a  "  corona ''  like  that  of  Passion* 
t^^em  In  other  genera  the  receptacle  is  deyeloped  into  a  more  or  less 
^Qj  or  glandular  disk.  In  PhysMteman  the  stamens  are  curious,  the  two 
(V  four  posterior  ones  haying  the  filaments  inflated  or  swollen  below  the 
atken.  Eichler  describes  the  deyelopment  of  the  androecium  as  show- 
si?  that  there  are  two  whorls  of  stamens,  each  primarily  consisting  of 
tVju  first  two  lateral,  then  two  antero-posterior  tubercles,  which  subse- 
^sbflkiy  sttbdiyide  into  numerous  filaments. 

OlBtrifauUaiL — ^The  species  are  somewhat  numerous  in  the  tropical 
^ifatropical  regions  of  Vhq  world,  especially  in  Africa. 

Qwaltttes  aad  Vwtrn^ — ^There  is  great  agreement  with  the  Crucifene; 
kit  in  some  cases  the  pungent  principles  are  dangerous.  The  Capers  used 
» inckks  are  the  flower-buds  of  yanou3  species  of  Capparis  (  C.  apmosa, 
Fmtmemy  n^tettris^  and  a^iffUiaca).  The  root  of  Craiova  gynandra^  the 
Giriic  Pear,  is  said  to  be  yery  acrid  and  to  blister  like  Cantharides.  C, 
»«^  is  a  larjp^e  tree  in  Madagascar.  The  Polanisia  icosoftdra  of  the 
Tdted  States  is  used  as  a  vermifuge ;  and  the  root  of  Cadaha  indica  is 
tt^  to  be  aperient  and  anthelmintic.  Many  species  haye  been  introduced 
ixo  cor  ganiens :  a  few  bear  the  open  air  in  sheltered  places. 

RGSEDACE^  are  herbs  or  undershrubs  with  unsymmetrical  4-8- 
Bennu  small  flowers,  commonly  with  a  fleshy  one-sided  nypogynous  disk 
bttweeo  the  petals  and  the  (3-40)  stamens,  which  it  supports.  Pistil  poly- 
*TJeUaiT  and  1 -celled,  or  of  several  more  or  less  distinct  carpels.  Pod 
•^  or  64obed,  3-  or  6-homed,  1 -celled  with  3  or  0  parietal  placentas, 
»>aietimea  opening  at  the  top  before  the  aperispermic  reniform  seeds 
4re  ripe.    Embryo  curved. — Iliustratiye  Genera :  Meseda^  Oliffomeris, 

Afflnfttei^  fcoi  These  plants  agree  in  many  respects  with  the  Gappari- 
^Acefe,  as  in  the  presence  of  a  disk  supporting  the  stamens  and  the  reni- 
^nn  seeda.  By  Miiller  they  are  placed  between  Capparids  and  Crucifers. 
TWe  is  a  more  distant  relation  to  the  Papayeraceae,  from  which,  however, 
tiey  are  alwa^  distinguished  by  their  aperispermic  seeds.  Moringaceao 
bve  many  pomts  in  common,  but  differ  la  habit,  foliage,  straight  embryo, 
t&d  mooadeiphons  stamens.  The  one-^ided  disk  is  an  outgrowth  from  the 
tHiUmus.  The  petals  of  the  Mignonette  have  a  broad  claw  and  a  deeply 
divided  or  fringea  limb.  The  poflen-grains  are  ellipsoid.  The  opening  of 
^He  ovaiy  before  the  seeds  are  ripe  is  worthy  of  note  as  an  uncommon 
pkcnomebon ;  it  is  well  seen  in  the  Garden  Mignonette  {Reseda  odorata). 
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Oliffomeris  is  remarkable  for  the  reduction  of  the  parts  of  the  flower, 
having  but  2  petals  and  3  stamens,  and  the  disk  is  likewise  afaseut. 
Astrocarpus  has  separate  carpels. — A  small  order.  Most  of  the  kind^  are 
European  ;  but  a  few  occur  in  India,  South  Africa,  and  in  California. 
The  oest  known  plant  of  the  Order  is  Heseda  odorata,  so  much  valutrd 
for  its  perfume  and  hardy  character.  Reseda  Itdeoia,  a  natire  weed,  com- 
monly called  Weld,  yieldLs  a  yellow  dye.    Some  of  the  species  are  acrid. 

BIXACE^  are  shrubs  or  small  trees  with  alternate,  usually  exfti- 
pulate,  entire,  leathery,  often  dotted  leaves ;  regular  hermaphrodite  or 
unisexual  flowers ;  sepals  2-7,  slightly  coherent  below,  imbricate  ;  petaL» 
as  many  and  distinct,  or  absent,  sometimes  very  numerous;  stamens 
hypogynous,  generally  indetinite;  ovary  sessile,  or  slightly  stalked,  1-  or 
rarely  more-celled,  with  two  or  more  parietal  placentas;  ovules  curved: 
seeds  numerous,  with  a  straight  or  slightly  curved  embryo  in  the  axi^  of 
fleshy  perisperm ;  cotyledons  broad  ;  radicle  next  the  fiilum. — lUu^ctra- 
tive  Genera:  Birayh.',  Onco^a, Forsk.;  Flacourtia,  Commet^.} Erythrogper- 
tnuniy  Lam. 

aiBnitiM,  he. — Related  to  the  Samydaceae,  but  distinguished  by  their 
hypogynous  stamens,  and  to  the  Passifloraceaa,  but  destitute  of  a  coronet. 
Jrom  Capparids  they  difi*er  in  their  perispermic  seeds ;  from  Cistaceae  in 
their  straight  embryo.  Bentham  and  Hooker  refer  the  small  gnmp 
PangiacesB  here,  while  Baillon  includes  Papayacese,  Lacistemaceae,  and 
TumeracesB.  The  species  are  not  very  numerous,  and  are  mostly  natives  of 
the  hottest  regions  of  the  globe;  some  of  the  plants  are  bitter  and  astrin- 
gent; the  pulpy  fruits  of  Oncoba,  of  Flacourtia  Hamontchia,  sapida,  and 
sejnaria  are  edil)le.  Bixa  Orellana  yields  the  substance  called  Annatto. 
used  for  colouring  cheeses  and  as  a  dye ;  it  is  derived  from  a  pulp  sur- 
rounding the  seedis. 

CIST  ACE  iE  are  low  shrubs  or  herbs  with  regular  hermaphrodite 
flowers,  persistent  imbricate  calyx,  caducous  crumpled  petals,  distinct 
hypogynous,  mostly  indefinite  stamens ;  pod  1-celled,  .^-5-valved,  with  as 
many  parietal  placentas ;  ovules  straigut ;  seeds  perispermic :  embnn 
curved  or  spiral,  with  the  radicle  remote  from  the  hilum. — ^lUustrative 
Genera :  CUtuSy  Helianthemum, 

Aflinltles,  fto. — Nearly  related  to  Violaceae,  Bixacece,  and  Droeemcew, 
but  distinguished  by  the  form  and  direction  of  tlie  embryo ;  from  the 
Hypericacere  by  the  structure  of  the  fruit  and  the  absence  of  dots  on  the 
leaves,  and  from  Linacea*  by  the  fruit ;  they  also  approach  Papaverao»'ie 
by  Dendromecon :  and  Lindley  considers  tiiat  there  is  some  connexion  , 
with  CapparidacesB  and  Cruciferae ;  but  the  4-merous  plan  and  aperisper- 
mic  seeds  of  these  Orders  remove  them  widely.    Some  of  the  JSehanUttfts  j 
have  dimorphic  flowers.    The  pollen  is  ellipsoid.     Lechea  has  stamens 
fewer  than  the  petals.    The  Cistaceas  are  most  abundant  in  Sooth  Europe 
and  North  Africa,  but  occur  in  other  parts  of  the  globe.     The  gum-restn  ' 
called  Ladanum  is  obtained  from  CSstus  ereticiis,  ladaniferusy  iedcn^  and  ; 
others ;  and  the  plants  generally  are  regarded  as  resinous  and  balsamic,  i 
Many  species  are  cultivated  for  their  beautiful  but  fugacious  flowers. 
Heliantfiemttm  rtdgare^  a  native  plant,  is  remarkable  for  uie  irritability  of 
the  stamens  in  the  newly  opened  flowers.    • 
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I>ROSEKAC£^£  are  bog-herbs,  mostly  glandular-haired^  with  regular 
Lz^xuxapiuodite  5-merous  flowers  and  inarcescent  calyx  and  corolla ;  sta- 
Tii-^iaft  M6  maay  aa  the  petals,  or  indeflnite,  hjpogynous  or  perio^ynous ;  the 
a.  itlx0in  hied  by  the  middle,  extrorse ;  ovary  free,  l-celied ;  ovules 
iMJMisTouSy  inverted ;  styles  as  many  as  the  placentas  or  connate ;  pod 
1-oelJfidf  placentas  parietal  or  basilar;  the  embryo  minute,  at  the  base  of 
ieaby  pen»penn. — ^illustrative  Genera :  Droseray  L. ;  Aldravatida,  Monti ; 
i,£lli& 

Ac — ^The  interesting  but  not  very  numerous  plants  of  this 

Ortier  ire  Kmarkable  for  the  circinate  curvature  of  their  flower-stalkf , 

vfaieh,  together  with  the  absence  of  stipules,  the  extrorse  anthers,  divided 

tCyiee,  &c,,  separates  them  from  the  Violacese,  which  they  approach ; 

tlfcerire  connected  with  Hypericacese  by  Pamassiaf  and  have  some  affinity 

^Mi  vistaceae  and  Turneraceae.    Bentham  and  Hooker  place  them  near  the 

^aaxifiagea.    These  plants  are  found  in  bogs  or  marshes  in  most  parts  of  the 

sijbe,  excepting  the  Arctic  regions.     Their  most  interestmg  charac- 

t*«  redde  in  the  leaves,  which  in  Drosera  (Sun-dews)  are  covered  with 

b^Qtifol  glandular  hairs,  which  have  a  spiral  vessel  running  up  their 

flUlb  and  secrete  a  digestive  fluid.   They  are  also  endowed  with  the  power 

^oodon  when  touched,  so  that  an  insect  alighting  on  the  leaf  is  unable 

V)  make  its  escape  owing  to  the  viscid  fluid  exuded  from  the  glands. 

Tlfiiairs  then  bend  over  the  insect,  which  becomes  dissolved  by  the  acid 

tod,  ind  ultimately  absorbed.    Aldrovctnda  vesiculosa,  a  native  of  South 

Iflrope,  has  curious  whorled,  cellular,  spoon-shaped  leaves.  Dionaa  mud' 

^i^  the  Venua*8   Fly-trap  of  the  North-American  bogs  (occasionally 

caltirated  in  stoTes  here),  is  well  known  for  the  remarkable  irritability  and 

^festive  properties  of  the  lamina  of  the  leaf,  the  two  lobes  of  which 

ciiiee  upon  any  object  touching  the  upper  face.    The  Droseraceaa  are  said 

*^^  be  acrid. 

yiOLACRS:.    Thb  Violet  Oedeb. 

Coh,  Parietales,  Benth,  et  Hook, 

Diagnoiis, — ^Herbs  or  shrubs :  leaves  alternate,  usually  stipulate ; 
fiovers  regular  or  irregular,  hermaphrodite,  with  a  somewhat 
irregular,  generally  1-spurred  corolla  of  5  petals :  stamens  5, 
bjpogrnous,  with  adnate  introrse  anthers  connivent  over  the 
pistil,  connective  of  the  anther  usually  prolonged ;  style  and  stigma 
tfflgle ;  pod  1-celled ;  3-valved,  with  3  parietal  placentas  in  the 
middle  of  the  valves ;  seeds  perispermic ;  embryo  straight. 

Character, 

Thalamus  flat  or  slightly  rounded.  Calyx:  sepals  5,  persis- 
tent, usually  elongated  at  the  back,  imbricated  in  sestiva- 
tion.  Corolla:  petals  5,  hypogynous,  equal  or  unequal,  one 
usually  spurreiC  withering-persistent;  obliquely  convolute  in 
sstivation.  Stamens  5,  alternate  with  the  petals,  or 
occasionally  opposite,  inserted  on  an  hypogynous  disk,  often 
Qneqaai;  anthers  2-celled,  introrse,  separate  or  cohering,  and 
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lyiDp:  npon  tbe  pintil ;  the  filunent  or  conneetiva  prolonged  be 
yond  the  lobes  of  the  anthers,  in  the  irregular  flowers  two  of  thu 
filamentg  are  spurred  at  the  base.     Ovan/  compound,   l-celled. 


A.  FlowCT  of  Ti 


moob  enlarged- 
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with  Dumerous  ovulea  on  3  parietal  placentas  opposite  the  3  outer- 
most sepals,  or  rarely  1-ovuled;  owln  anatropous;  ttyle  single, 
mostly  declinate ;  tligma  capitate,  oblique,   hooded.     FruU :  a 
capsule  bursting  into  three  valves,  with  the  placentas  up  the 
middle;  *«rf«  mostly  numerous,  often  arillate;  embryo  straight 
in  the  axis  of  fleshy  periaperm. — Illustrative  Genera ;    Twla, 
L. !  Papayrola,  Aubl. ;  AUodeia,  Thouars. 
AOhMm,  ftOk— The  typical  formula  is  86  PS  AC  0^1.    By  the  irre^'s^ 
flowers    and    sppendiu^    sntbers    we    readily    diatlDfruish    moet  o* 
the  Violacece  nom  the    DrosersceES,    Cistaceie,   and    SauvagesiscefB  r 
and  in  AUodeia  and  other   genera^   where  lbs  calyx    and    corolla  an 
regular,  the  simple  style  and  capitate  stigmH  are  still  available  {   Uid 
several  other  important  differences  exist,  such  as: — the   definite  num- 
ber of   stamens  and  straip-bt  embryo,   unlilie    that   of   the    Cietsi:«A; 
difierent  vemstion  and  stipulate  condition  of  the  leaves,  unlike  Di»* 
seracete;   while  Ssuvagesiaceffi,  betides  having  the   anthers  unspp^D' 
daged,  have  either  numerous  stamens,  or,  if  tive>  they  are  oppoul«  to  ths 
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ygtalB  Mad  Alternate  with  five  scales;  moieoTer  the  capsule  bursts  septici- 
Mlj,  90  that  the  placentas  are  at  the  edges  of  the  valves.  Yiolacese  are 
jtkied  more  distimtly  to  Passifloracese.  In  the  native  species  of  the 
xaa  Vtoia^  it  is  not  uncommon  so  iind  apetaJous  flowers,  especially  in 
tie  autumn.     The  pollen-grains  are  ellipsoid  or  prismatic. 

mrtiflnoion., — ^An  Order  consisting  of  a  few  genera,  some,  such  as 
yviSa  and  AUodeiay  rich  in  species,  the  greater  number  with  but  few. 
The  irregular  Violacese  belong  chiefly  to  Europe,  North  Asia,  and  North 
Asifrica,  where  they  are  generally  small  herbs,  and  to  South  America, 
wii«re  they  are  mostly  shrubby ;  the  regular  genera,  Akodeia  Sec,  belong 
10  South  America,  Anica,  an({  Malacca. 

Qwdttifefl  ftnd  Ums. — ^The  Order  is  characterized  in  general  by  emetic 
prapeitiefl,  -which  are  especially  developed  in  the  South- American  lonidia ; 
Ifart^many  I.  Poaya,  I.  Ituba,  are  used  there  instead  of  Ipecacuanha, 
afti  the  last  was  formerly  supposed  to  be  the  true  Ipecacuanha-plant. 
fwla  camma^  the  common  Dog-violet  of  our  hedges,  is  said  to  be  oene- 
i Hal  in  skin  diseases;  and  the  same  properties  are  attributed  to  Anckietia 
tsksUaris  in  Brazil,  where  it  is  also  used  as  a  pur^tive.  The  roots  of 
"le  Sweet  Violet,  V.  odorata,  are  emetic  and  piugative  ;  its  seeds  are  also 
?cvative.  V.  tricolor  is  the  Pansy  or  Heart*s-ease ;  its  leaves  have  been 
Kpposed  to  contain  hydrocyanic  acid,  since  they  smell  like  peach-blossom 
▼tea  bruised. 

^The  SAinrAO]£8iAC£iB  form  a  small  group  sometimes  separated  from 
MfilaeeaB  on  account  of  the  characters  mentioned  above.  They  are 
.'dated  to  the  HypericaceaB  through  Pamassia, 

TK^NKENIACE^  constitute  a  small  and  unimportant  Order  bearing 
W  dose  afiinity  to  the  tribe  Sileneae  of  the  Order  OaryophyllaceaB  in 
\ks^  floral  envelopes  and  stamens ;  but  the  placentas  are  parietal,  and  the 
cabjo  is  straight,  which  causes  them  to  approach  Violaceffi,  and  espe- 
cUllv  Sauvagesiaceie,  firom  which,  however,  they  difier  in  their  imited 
sepals  and  extrorse  anthers.  Most  of  the  plants  are  found  in  South 
loiope  and  North  Africa ;  but  a  few  species  are  scattered  in  other  parts 
ef  the  world.  They  are  said  to  be  mucilaginous  and  aromatic. — lUustra- 
Ut«  Genus :  ^anhenia,  L. 

TAMAIUOACE^  are  shrubs  or  herbs  of  fastigiate  growth,  with 
litemate  scale-like  leaves,  usually  pitted;  flowers  in  close  spikes  or 
aeeines ;  calyx  4-^-parted,  persistent ;  petals  distinct,  springing  from  an 
ATpogynona  disk,  equalling  tne  petals  or  twice  as  many,  distinct  or  co- 
Voest ;  ovary  superior,  ovules  numerous,  ascending ;  capsule  3-valved, 
^-celled,  witn  3  placentas  either  at  the  base  or  1  in  the  middle  of  each 
^ilve;  aeeds  comose  or  winged,  without  perisperm;  embryo  straight; 
ndicle  inferior. — Illustrative  Genus  :  Tamarix,  L. 

Ifflnttt— .  Aesi — Endlicher  looked  upon  this  Order  as  intermediate  between 
HrpericaceiB  (through  Reaumuriaceee)  and  LythracesB,  w^hile  Lindley 
thought  it  stood  rather  between  Yiolaceee  and  Orassulaceae,  ariH  Ue 
Caodolle  placed  it  near  Portulacacete,  as  also  do  Bentham  and  Hooker, 
^bo  include  in  it  JUaumuriea  and  Fouqueria.  From^all  the  above,  how- 
ler, it  difiers  in  the  nature  of  the  seeds. 
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DtatribnHoii — A  group  conasting  of  two  genera, 
other  with   very  few  species.     The  plants 


very  few  spec  ^ 

hemiaphere  of  tFie  Old  World,  growiug  chiefly  by  the  seft-ahore,  oi 
margiDa  of  rivers  or  lakes. 

QiuUttM  uid  Una, — The  bark  is  bitt«r  oad  tutriogent ;  and  thoee  kindi 
growing  near  the  sea  yield  abundance  of  soda  wGea  biimt.  Taniarii 
mannifira  yields  the  Slanna  of  Mount  Sinai,  a  kind  of  mucilaginoui 
sugar,  said  to  bo  exuded  in  consequence  of  the  attacha  of  a  OoccuB-inaect 
Several  species  are  attacked  by  gall-insects ;  and  the  gaUs  of  T.  tndirii 
dioica,  Farm,  and  orienlalia  are  used  in  medicine  and  for  dyeing.  Tantarii 
galiiea  fluui-ishes  well  near  the  sea  on  our  coa«t«,  aod  m  an  omameDlal 
sbrub.     Myricaria  ffermimica  is  a  handsome  ehrub  in  our  gardens. 


CARYOPHTLLACE,E.  The  Pcre  Ordeb. 
Cok.  CaryophylliutB,  BaUh.  el  Hook. 
DifUfnosis, — Herbs  with  opposite  entire  leaves  ;  stems  B^oUen 
at  the  joints ;  flowers  sjTnmetrieal,  4— 5-merou8,  with  or  without 
petals  ;  stamens  distinct,  not  more  than  twice  as  many  as  the  sepals, 
^lypogyous  or  perigynoua  ;  styles  2-5  ;  seeds  attached  to  the  base 
or  to  the  central  placenta  of  the  1-celled  (rarely  a-5-celled)  cap- 
sule ;  embryo  curved  round  the  mealy  perisperm. 

Character. 
Thalamus  flat.     Calr/a: :  sepah  4  or  5,  persistant,  distinct  or  co- 
herent into  a  tube.     Corolla :  pelala  4  or  6,  clawed,  often  deeply 
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eDdoipePTD;  b.  Hnbrjo. 
Fig.  SU.  Dichaiul  crnie  of  Ctraili^m. 
Figi  MJ.  SeotioD  of  •  flower  of  Stlvu.wiOi  ui  inUirnod*  between  Ihe  c»lj(  «i 
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bifid,  sometimes  wanting,  mostly  separated  by  a  short  intemode 
from  the  calyx,  ^itmnens  twice  as  many  as  the  petals,  or  equal 
to  and  opposite  to  the  sepals,  sometimes  fewer,  inserted  with  the 
petals  ;^2am«ntff awl-shaped, sometimes  coherent;  an^A^s innate. 
Ofary  sessile,  or  raised  with  the  corolla  and  stamens  on  a  short 
stalk  above  the  calyx,  1 -celled,  with  a  central  placenta  or  with 
2-5  dissepiments  extending  to  the  centre ;  oviUes  few  or  nume- 
rous ;  stigmas  2r-b^  filiform,  resembling  the  styles,  but  papillose 
down  the  inner  side.  Fruit  capsular,  1-celled,  with  a  central 
plsoenta,  2-5-valved,  or  splitting  into  4-10  teeth  above  (fig.  354), 
or  2-5-celled,loculicidally  dehiscent,  with  the  placentas  adhering 
to  the  septa ;  seeds  mostly  indefinite ;  the  embryo  mostly  curved 
roond  the  perisperm  (fig.  355),  rarely  straight  or  spiral,  with 
little  perisperm ;  radicle  next  the  hilum. 


Illustrauve  Geneba. 

Tribe  1.  Alsixejb.  Sepak  distinct, 
iaagina,  L. 
Alsdne,  Jf'ahlenb. 
Axeuui&fL, 
Stellaria,  L. 
Censtdum,  X. 


Tribe  2.  SiLENEiB.  Sepals  cohering 
into  a  tube, 

BianthuB,  Z, 
Saponaria,  L, 
Silene,  L, 
Lychnis,  L. 


AfloitleB,  fte.— The  typical  floral  formula  is  S  6  P  6  A  6+5  (TB.  The  op- 
IToite  entile  leaves  spruigiog  from  thickened  nodeB,  definite  stamens,  and 
iW  character  of  the  placenta  and  seeds  serve  to  distinguish  the  great  ma- 
j-ritT  of  this  well-marked  Order.  The  nearest  relations  of  the  Oaryo- 
i^TllaoeaB,  as  here  defined,  are  unquestionably  the  lUecebracess  and  Por- 
tdacaoeae,  which  we  separate  more  for  the  sake  of  convenience  of  distinc- 
iya  than  on  account  of  natural  diversity,  since  in  hoth  those  Orders  there 
ii  t  variation  between  the  hypogynous  and  perigynous  conditions.  The 
Ilecebracen  may  be  dLstinguished  by  their  scarious  stipules  and  utricular 
frah,  and  the  Portulacacead  by  the  2-leaved  caljrx  and  by  the  stamens 
▼kn  equal  to  the  sepals  being  alternate,  or  opposite  to  the  petals,  since  it 
t^jDA  more  convenient  to  keep  the  Mollugine€e  with  Portulacacesd  if  they 
&r«  dinded.  The  apetalous  forms,  and  the  alliance  with  the  Orders  just 
umed,  connect  this  Order  with  the  Amarantacen  and  Obenopodiacess 
lod  several  other  families,  all  characterized  by  a  curved  embryo  surroimd- 
bg  a  floury  perisperm. 

The  placentation  of  the  CaryophyllaceeB  is  regarded  by  some  authors  as 
Sinning  one  of  the  exceptions  to  the  marginal  type,  the  free  central 
culumn  in  mature  ovaries  being  regarded  as  a  product  of  the  receptacle, 
isdependent  of  the  carpels.  But  tne  dissepiments  exist  in  the  early  stages 
of  deTelopment,  and  are  torn  away  during  the  expansion  of  the  ovary : 
l:*nce  there  is  no  necessity  to  assume  the  mdepenaent  origin  of  the  pla- 
ecQtoa  Monstrous  blossoms  of  plants  of  this  Order  do  not  decide  the 
qoefltioD,  aince  these  have  been  found  with  really  independent  nowth  of 
the  OTuke  from  the  base  of  the  ovarv,  and  with  ovules  developed  upon  the 
mujgfiiu  of  the  carpels.  Lychnis  ancl  some  other  genera  have  petals  with 
1 8c^e-lib  outgrowth.    Several  species  are  dioscious. 
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DbtrihaHMt. — Ad  Order  conaistiDK  of  seremlgeiiem  and  &  lug*  nnmbc 
of  epecios,  fur  tbe  most  part  nativea  of  temperate  and  cold  cUmataa,  extend 
ing  to  the  Arctic  regiona  and  to  almost  the  extreme  limit  attained  b 
flowering  plants  on  mountaina. 

QoaUtlM  aad  Vta, — The  plants  of  this  Order  are  generally  dercid  a 
active  properdea — some  of  thsm  oontaJniiig  more  or  leea  of  a  deIet«riou 
principle,  caUed  tt^xmine,  as  SaponaHa,  Agroitannm,  SUate,  &,c  ;  ant 
OyptophUa  Strvthmm,  the  Egyptiim  Soap-ioot,  derives  its  name  &om  it. 
aapoDBceuus  properties;  this  substance  is  genenJlr  most  abundant  ii 
the  roots.  The  )(enUB  tHantkus,  or  Pink,  in  Tentarkeble  for  the  beautv  o 
its  flowers ;  D.  bai  battu  is  the  Sweet  William ;  Z).  plumariia  is  the  pfireni 
ofthevarietieHofOftrdeaPink;  B.  CarytipAyttM  (the  Clove-Pink)  of  th. 
Carnation  and  its  varietiaa.  Lychnis  and  SHiae  also  afiord  bandsom< 
gfirden  plants.  A  large  proportion  of  the  Plants  of  this  Order  ate  ineig- 
niflcont  weeds. 


MALVACILE.    Thj  Malww  Oehke. 
Coh.  Malvalee,  Bmlh.  et  Sook. 
Dioffnont. — Herbs  or  ahrubB  with  ftltemate  stipulate  leaves  often 
covered  with  soft  down  and  regular  flowers ;  calj^  valvate,  and 

Fig.  368. 
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corolla  convolute  in  (estivation ;  stamens  numerous,  monadelphoua 
in  s  tube  which  is  adherent  below  to  the  short  claws  of  the  petals ; 
anthers  ultimately  1-celled,  or  always  2>ceUed. 
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Character, 

Tkdhams  flat  or  rounded.  Calyx :  sepals  5,  rarely  3  or  4,  more 
or  less  united  below,  valvate  in  the  bud,  often  surrounded  by  an 
epicaljx.  Corolla:  petals  equal  in  number  to  the  sepals,  hypo- 
grnoos,  contorted  in  ostivation,  free  or  adherent  to  the  tube  of 
the  stamens.  Sta$nens  indefuiite,  monadelphous,  hypog3mou8,  all 
perfiect ;  anthers  1-2-celled.  Ovary :  carpels  several,  each  f orm- 
mg  a  cell  around  a  central  axis,  either  coherent  into  a  multilocu- 
Iir  compound  ovary,  or  distinct ;  <ywles  definite  or  indefinite,  on 
tiie  ventral  suture ;  styles  equal  in  number  to  the  carpels  or  twice 
as  many  ;  coherent  or  distinct ;  stigmas  various.  Fruit :  a  several- 
celled  capsule,  or  a  collection  of  separating  indehisoent  cocci  or 
of  fdHcles,  the  carpels  1-  or  many  seeded ;  seeds  with  little  or  no 
perisperm,  embryo  curved,  cotyledons  much  twisted,  oily,  testa 
sometimes  hairy. 

Illustbative  Genera. 


A.  Amdracnim  ttthular:  tube  entire 
or  hmt  sUffktIy  divided  at  the  apex. 

Tribe  1.  MaxvEuB.  Serbs  or  un- 
^dtnAs,  Staminal  column  antheri' 
/'tvw  to  the  top  :  styles  as  numerous 
u  ikte  ceOs  of  the  ovary;  ripecarptds 
'^ffdiMyfrom  the  columeUa. 

Malope,  L, 
Althaea,  L, 
Malva,  X. 
Sida,  X. 

Tribe  2.  XJbeke^.  Herbs,  StO' 
Aou^  eolunm  destitute  of  anthers  at 
^top;  styles  twice  as  many  as  the 
^  of  the  ovary ;  fruit  as  in  Tribe  1. 

Pavonia,  L, 
Urena,  L. 


Tribe  3.  HiBiscEiE.  Herbs  or 
undershrubs.  Styles  as  many  as  the 
carpels ;  fruit  synoarpous,  capsular. 

Hibiscus,  L. 

Gossypium,  JL, 

B.  Androecium  tubular  at  the  base 
onfyf  or  divided  throughout  into 
filaments. 

Tribe  4.  BoMHACEis.  Large 
trees  or  shrubs,  Staminal  cohttnn 
divided  into  5  or  more  divisions^  each 
with  one  or  more  anthers;  styles 
coj^uent  or  equal  to  the  carpels; 
fruit  syncaipous,  dehiscent  or  inde^ 
hiscent, 

Adansonia,  Z. 

Bombax,  L, 

Durio,  X. 


-The  '^  compound  "  stameos  of  these  plants  appear  first  in 
tbe  form  of  five  little  tubercles,  the  primordial  stamens ;  firom  the  sides  of 
tfane  are  subsequently  developed  otners.  The  anthers  are  bilocular  in  the 
iim  instance,  but  become  1-celled  by  the  obliteration  of  the  partitions. 
Where  the  stamens  are  superposed  to  the  petals  it  is  probable  that  the 
ktter  aie  not  autonomous  organs,  but  outgrowths  from  the  stamens.    The 

typical  foimnla  may  be  thus  written,  S  6  P  6  A  6  G  5,  variations  being  d&- 

X 

pendent  on  cohesion,  adhesion,  moltiplication,  &c.  Mslvaceffi  are  closely 
klBed  to  SterculiacesB  and  liliacess  (especially  to  the  first,  which,  in- 
deed, sre  only  kept  separate  for  convenience'  sake)  by  the  general  structure 
nd  the  sativatkm  of  the  calyx,  but  are  distingmshed  by  their  1-celled 
uthen;  to  the   Geruuaoeaa  they  are  related  by  the  monadelphous 
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stamens,  twisted  aestivation  of  the  corolla,  and  the  occasiona]  sepan 
tion  of  the  carpels  from  a  central  axis  in  the  ripe  iruit ;  with  Chlfenace 
there  is  a  connexion  through  the  epicalyx  or  calycine  involucre  and  tli 
monadelphous  stamens ;  and  some  points  of  structure,  but  especialj 
the  properties,  resemble  those  of  Linacese :  from  Camelliacese,  -which  ha^ 
the  stamens  more  or  less  coherent,  they  may  be  distinguished  by  tli 
yalvate  calyx.  Malope  presents  a  curious  con<iition  of  the  carpels,  whic 
are  numerous  and  distinct,  resembling  those  of  a  Ranunculaceous  plan 
Malvaviscus  has  succulent  fruit.  The  epicalyx  is  probably  of  stapuh 
nature.  The  Bombaceous  subdivision  is  refeiTed  here  on  account  or  tfa 
1 -celled  anthers.  The  trunks  of  some  of  the  trees  in  this  group  attai 
enormous  age  and  dimensions,  as  in  the  Adansoma  or  Baobab,  and  th 
BomhaXy  the  latter  of  which  produce  great  projecting  buttresses  froi 
their  stems.  The  calyx  in  this  subdivision  is  tough  and  leathery  ;  and  th 
pollen  is  generally  smooth,  not  spiny  as  in  the  rest  of  the  family.  Tb 
nairy  seeds  of  this  subdivision  recall  those  of  Gossi/pium.  The  JDurio  grou] 
of  the  tribe  Bombacese  are  clothed  with  large  peltate  scales.  In  Boschi 
the  anthers  are  ovoid  and  open  by  a  terminal  pore. 

Dlatrllmtloii. — A  large  order  with  several  genera  and  very  numeroui 
species ;  the  latter  are  most  abundant  in  the  tropics,  diminishing  graduallj 
in  the  temperate  regions,  and  absent  from  the  frigid  zone. 

QnalltiM  and  Uses. — The  ordinary  properties  of  this  Order  depend  ot 
the  abundance  of  a  bland  mucilage,  especially  in  the  roots,  as  in  thi 
Marsh-mallow  (the  French  Guimauve)  (AUhtta  officinalis)^  the  flower  oi 
the  Hollyhock  (Althtea  ro9ea\  the  common  Mallow  (Malva  8i/he9tris\  kd 
The  leaves  of  the  Hollyhock  yield  a  blue  dye  like  indigo.     Hibiscus  escu" 
lenius  furnishes  okro  or  gomV)  pods,  used  in  soups  and  as  demulcent^. 
But  the  most  important  qualities  of  these  plants  depend  upon  their  tissues, 
namely  the  fibrous  liber  of  their  stems,  which  in  some  oases  furnishes 
large  quantities  of  hemp-like  fibre  to  commerce,  as  the  Hibiscus  carma^ 
hinus  (Sun-hemp),  If.  arboreus,  various  species  of  Sida^  i^c,  and  the  hairs 
of  the  seeds  of  Uossypiumy  constituting  Cotton.    Four  distinct  species  of 
Cotton  are  supposed  to  exist,  viz. : — G,  herbaceum,  the  ordinary  Indian 
Cotton-plant,  probably  a  cultivated  variety  of  G,  Stochtii,  whicli  is  wild 
in  Sindh  ;  G.  arhoreum^  the  Indian  Tree-cotton ;  G,  barbadetufe,  to  which 
the  North-American  Cottons  and  the  Bourbon  cotton  uf  India  beloDir: 
and  G,  peruvianum  or  acuminatum^  Pernambuco  or  Brazil  cotton.    The 
seeds  of  Gossynium  contain  a  large  quantity  of  almo.<tt  colourless  oil,  to- 
gether with  a  Drown  resinous  substance  contained  in  special  re8er%oir8, 
which  colours  the  expressed  oil.    The  hairs  of  the  seeds  of  the  Silk-cotton 
trees  (Bombax)  cannot  be  spun  like  cotton,  but  are  used  for  stuffing 
cushions,  &c.     The  Durian  (Durio  sihethimis)  has  nn  aromatic  edible  fi'uit. 
The  fruit  of  the  Baobab  (Adanscnia)^  gigantic  African  and  Austridian  trees, 
has  an  agreeable  acid  juice.     Most  of  the  Malvaceae  have  handsome 
flowerS;  and  many  are  cultivated  in  our  gardens  and  stoves. 

STEECULIACE^.    The  Steeculia  Obdek. 

Coh,  Malvales,  Benth,  et  Hook, 

Diagnosis. — Herbs,  trees,  or  shrubs,  sometimes  climbing,  with  alternate 
simple  or  compound  leaves  and  free  deciduous  stipules;  flowers  regular 
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or  irKgnkr,  freqaently  nniflexual  hy  abortion ;  calyx  and  corolla  reeem- 
lilii^  ^ode  of  Malvaceae  or  petals  aosent;  androecium  columnar  or  tubu- 
Ur,  or  rarely  stamens  few,  free ;  anthers  2-celled  and  extrorse,  in  heads 
•jr  rings  or  dispersed,  with  or  without  interreping  staminodes ;  carpels  6, 
T&nlj  3  or  sohtarj,  distinct  or  coherent,  often  pedicellate ;  fruit  and  seeds 
T^iT  variable. 

Illustrative  Genera. 


Tribe  1.  Stebculirjb.  Flowers 
^wtakms  and  unisexual  by  abortion; 
maiken  duetered  or  annular. 

Heritiera,  AiL 
Sterculia,  X. 
Cola,  Schott 

Tribe  2.  Helictbrejb.  Flowers 
perfect;  petals  deciduous.  Androecium 
t^Mnmar  beloWf  cup -shaped  above; 
itamnodes  on  the  tnarffins  of  the  cup, 
dUmaiing  u^ith  the  anthers, 

Helicteres,  L. 

Tribe  3.  Ebiolsnibjis.  Ihtcers 
itmtaphrodite;  petals  deciduous.  An- 
drceeutm  tubular^  conical,  antherife- 
rmufar  nearly  its  whole  length. 

Eriolaena,  DC. 

Tribe  4.  Fbemontteje.  Fhwers 
hermaphrodite;  stamens  conjoined; 
satiers  5  ;  staminodes  wanting, 

Fremontia,  Hook, 
Cheirostemon,  L. 

Tribe  6.  Dombeye^.  Flowers 
hermaphrodite;  petals^atf  persistent 
AjidnBcium  tubular,  antheriferous  at 


the  nuirgin;  anthers  solitary  or  in 
groups,  alternating  with  staminodes, 

Dombeya,  Cav. 
Melhania,  Forsk. 

Tribe  6.  Hermanniejb.  Fhxoers 
hermaphrodite ;  petals  persistent, 
twisted  in  eestivation.  Androecium 
tubular  at  the  base  only ;  staminodes 
wanting. 

Ilermannia,  X. 
Waltheria,  L, 

Tribe  7.  Buettnerie^.  Petids 
concave  at  the  base ;  androecium 
ttdmlar ;  atUhers  marginal,  solitary, 
or  in  groups  between  the  staminodes. 

Buettneria,  L. 
Abroma,  Jacq. 
Leptonjchia,  Turez. 

Tribe  8.  La8i6petal-«.  Flowers 
hermaphrodite  ;  petals  0  or  scaMike 
or  lanceolate.  Androecium  tubtdar 
below,  bearing  above  five  antliers  and 
as  many  stnmitwdeSy  the  latter  oppo^ 
site  the  sepals  or  wanting. 

Thomasia,  Gay. 
Lasiopetalum,  Smith. 

___. — ^The  usually  2-celled  anthers  separate  the  plants  of  this 

Order  from  the  MalTacese,  the  monadelphous  condition  from  the  Tiliacese. 
Nevertheless  the  distinction  between  tnis  Order  and  Malyaceee  is  purely 
artificial,  and  is  here  retained  for  convenience'  sake  only. 

Many  plants  of  this  Order  are  interesting  in  structural  respects.  Dela- 
hechea  (Anstralia),  Brachychiton,and  others  have  a  trunk  swollen  midway 
betvreen  the  ground  and  the  crown  of  the  tree,  giving  the  appearance  of 
a  hage  flask  or  bottle.  Helicteres  is  so  called  from  its  twisted  follicles ; 
the  p^ds  of  some  StercuUete  open  out  like  leathery  leaves  with  the  ripe 
seeds  on  tbdr  mai^gins.  The  species  of  Sterculia  and  Cola  are  remarkable 
for  the  variable  condition  of  their  seed,  some  having  perisperm,  others  not ; 
ihf*  direction  of  the  radicle  with  reference  to  the  hilum  is  also  different  in 
difierent  species.  Cola  has  often  three  or  four  cotyledons,  or  perhaps 
two,  deeply  divided.  The  pollen  is  ovoid  with  three  plaits,  or  globose  or 
poljgooaly'not  murieate  except  in  Domheyece, 
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DliirflMitlca. — An  Order  the  species  of  which  are  mostly  tropal  and 

subtropical. 

QnaUtlM  and  Usea. — Mucilaginous.  Sterculia  Tragacanthn  yields  tHe 
gum  Tragacanth  of  Sierra  Leone,  S.  urens  a  similar  gum ;  tbe  aeeds  of 
all  the  species  are  oily,  like  those  of  Malvaceae ;  the  same  properties  a» 
generally  diffused.  StercuUa  guttata  and  vUlosa  and  species  or  otner  genen 
yield  fibres  fit  for  cordage  and  woven  fabrics.  Cola  acuminata  fiinuahes 
the  Cola  nuts,  greatly  esteemed  b^  the  negroes  for  their  bitter  restoratiye 
properties.  Cheirostemon  platarundes^  the  Hand-plant  of  Mexico,  has  a  i^ 
markable-looking  flower :  the  tube  of  the  monadelphoas  stamens  is  split 
above  and  spread  out,  so  that  the  anthers  resemble  five  fingers  or  claws, 
while  the  curved  style  looks  like  a  thumb.  This  and  various  other  ^[sots 
of  the  Order  have  been  introduced  as  stove-shrubs.  The  seeds  of  neo- 
hroma  cacao  and  other  species  furnish  the  Cocoa  of  commerce. 

TILIACE^.    The  Lime  ob  Lxitobn  Obdeb. 
Coh.  Malvales,  JSenth,  et  Hook. 

IHagnosis. — ^Trees  (rarely  herbs)  with  alternate  usually  stipulate 
leaves  ;  flowers  regular,  hermaphrodite  or  unisexual ;  calyx  valvate : 
petals  imbricated  in  SBstivation ;  sepals  deciduous  ;  stamens  nume- 
reus,  free,  or  polyadelphous ;  anthers  2-celled ;  ovary  free,  2-oc  - 
celled;  embryo  curved;  cotyledons  leafy. — Illustrative  Genera: 
Luhea,  Willd. ;  Corchorus,  L. ;  Triumfttta,  Plum. ;  TUul,  L.  ; 
Gh'ewia,  Juss. ;  ElceocarpuSj  L. 

Affinities,  fre. — The  distinct  or  polyadelphous  stamens,  the  %-celled  an- 
thers, and  the  disk  separate  these  plants  from  their  near  allies,  the  Mai- 
vace«e  and  Sterculiacea^.  From  CameUiaceee  they  difier  in  the  ssstivatioD 
of  the  calyx,  and  from  Bixacesd  in  the  structure  of  the  fruit.  Vaiioiu 
remarkable  peculiarities  of  structure  occur  in  the  ^nera.  Some  species 
of  Apeiba  are  said  to  have  24  cells  in  the  fruit ;  DtplophractHvi  has  paiie- 
tal  placentas  with  spurious  dissepiments  in  the  fruit.  Thepolyadelphoos 
stamens  of  Luhea^  and  of  the  American  species  of  TUUiy  which  stimd  in 
bundles  before  the  petals,  are  supposed  to  be  instances  of  charuis; 
but  the  petal  in  these  cases  is  probaoly  an  outgrowth  from  the  ataminal 
tubercle.  Limes  are  peculiar  in  the  adhesion  of  the  flower-stalk  to  the 
bract  Ch-ewia  has  glandular  petals;  Elaocarpua  Ilm  them,  fringed;  in 
some  species  they  are  absent. 

DlrtrlbaUon, — There  are  between  three  and  four  hundred  species,  per- 
taining to  thirty-five  or  forty  genera.  The  Limes  or  Lindens  ( TXa)  are 
trees  of  the  northern  parts  of  both  hemispheres ;  but  the  rest  of  the  Order 
axe  chiefiy  tropicaL     Triumfettas  are  tropical  weeds  with  bur-like  fruits. 

Qualities  and  V^m, — The  general  properties  are  the  same  as  those  of 
the  allied  Orders — mucilaginous  juices  and  fibrous  bark.  Many  are  valu- 
able timber-trees,  and  some  yield  edible  fruits.  The  fibrous  liber  of  the 
European  TUitB  furnishes  the  well-known  Bussian  ''bast"  or  "baas;** 
various  species  of  Con'choms  furnish  fibres  in  India,  especially  C.  ottpnUtv^ 
which  anords  "Jute,"  a  fibre  very  extensively  suhstituted  for  hemp; 
C.  olUorius  is  used  as  a  pot-herb.  The  berries  of  Grewia  stqnda,  atiatieaf 
'  and  others  are  pleasantly  acid,  and  are  used  in  making  sherbet ;  and  the 
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lorries  of  some  kinds  of  Corchorus  and  of  ElaocarptiB  are  eaten.  The 
^•mIs  of  EUBocarpiu  are  used  as  beids,  and  E.  Hinau  yields  a  dye. 
Vinous  species  of  ZiA^ea  (Brazil)  and  Grewia  (East  Indies)  furnish  valu- 
ihle  timber.  The  Lime-trees  of  Europe  (Tilia  enropaa,  grandifoHa^  and 
wrrifoiia)  are  valued  not  only  for  their  basL  but  for  their  beauty,  their 
K'hite  eren  'wood,  and  the  fragrance  of  their  blossoms.  Many  of  the  tro- 
>ic&l  species,  such  as  Sparmannia  africana^  Glyphaa  greioiMes^  haye  been 
Introduced,  as  stoye-shrubs.    Honckenyajicifoka  has  large  violet  flowers. 

DrPTERACE^^  are  laree  trees  abounding  in  resinous  juice,  with  al~ 
teraate  stroDgly  feather-ribbed  leaves  and  large  convolute  deciduous  sti- 
{Hues;  flowers"  perfect,  the  calyx  5-lobed,  lobes  imbricate,  unequal, 
persistent,  afterwards  often  enlarged  like  winp ;  petals  6,  hypogynous  ; 
rtamens  hypogynous,  indetinite,  distinct,  or  slightly  and  irregularly  polya- 
ilt'lphousr  anthers  subulate,  connectiye  often  produced  above;  ovary 
Hiperior,  3-celled ;  fruit  1 -celled  by  suppression,  1-seeded,  and  3-valye2l 
■ir  indehiscent,  and  surrounded  by  the  enlarged  calyx,  forming  a  crown 
aH.ve  it;  seeds  aperiapermic.  —  Illustrative  Genera:  DipterocarpuSy 
C^Jrrtn. :  J^ryftbakinops,  Gaertn. ;  VatefiOf  L. ;  Shorea,  Roxb. 

^flMMTgj  Ae. — ^Tropical  trees  related  to  the  preceding  Orders  in  som  e 
aspects,  but  in  the  imbricated  calyx  and  in  other  particulars  having  more 
aiHnity  to  the  Clusiaceae,  from  wLich  thev  dilfer  in  the  aestivation  of  the 
t'.tniUa  and  in  the  presence  of  stipules.  (Their  large  deciduous  stipules 
r->erable  those  of  hfat/nolia ;  but  the  most  characteristic  feature  of  the 
Onler  is  the  enlarged  persistent  calyx,  which  forms  long  winged  lobes 
crowning  the  fruit  ^me  authors  separate  Lophira  as  the  type  of  a 
♦!i*tioct  Order,  which  is  in  some  degree  (as  in  its  1-celled  ovary)  different 
br>th  from  the  Dipteracese  and  the  Clusiacese,  but  may  probably  remain 
unt»ng  the  former.     Ancittrodadus  is  a  climber. 

Mitribmioiu — ^This  Order  consists  of  ten  or  twelve  genera,  comprising 
ap'wranis  of  a  hundred  species.  These  plants  are  large  trees  or  rarely 
•limbing  shrubs  of  the  forests  of  tropical  Asia.  Lophira  belongs  to  Sierra 
Iveone. 

QoAHtlcs  snd  UaeSi — Fine  timber-trees  whose  juices  yield  a  balsamic 
iv<in,  of  which  various  kinds  are  imported.  Sumatran  hard  Camphor  is 
tVMmd  in  the  form  of  concretions  in  fissures  and  cavities  of  the  trunk  of 
Itrtjoba!atu>p$  Camphora ;  the  Camphor-oil  of  Borneo  and  Sumatra  is  said 
x*'^  be  the  same  substance  in  a  fresher  state.  Shorea  robusta  yields  the 
l>hoona  or  Dammar  pitch,  used  for  incense  in  India.  Valeria  indica 
affirds  the  Piney  resin  or  Piney  Dammar  of  India,  sometimes  called 
Indian  Copal  or  gum  Animi,  largely  used  for  making  varnish.  Dipteio- 
*^rpH»  trinervis  and  other  species  yield  a  balsam  like  Copaiba,  sometimes 
n^Ued  Guijnn  balsam  or  wood-oil.  Lophira  is  called  the  Scrubby  Oak  in 
Sierra  Leone ;  its  dry  corky  bark  contains  no  resinous  juice. 

Chl^exacea  constitute  a  small  and  little-known  Order,  consisting  at 
pp»*<?nt  of  a  few  shrubs,  natives  of  Madagascar ;  related  to  Malvaceio  in 
nft\iag  monadelphous  stamens  and  an  epicalyx ;  but  the  calyx  is  imbri- 
<^ted  in  festivation,  like  that  of  Camel liacesB  &c.  Placed  by  Lindley 
Qfur  Ozalidacese,  Balsaminaceee,  Linaceee,  and  Geraniaceee,  by  Bentham 
uid  Hooker  near  Dipterocarps. 
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TERNSTECEMIACE^  ob  CAMELLIACE^. 

The  Cameua  Obdeb. 

Coh.  GuttiferaleSy  Benth,  et  Hook, 

Diagnosis. — Trees  or  shrubs,  with  alternate,  rarely  opposite,  simpk. 
rarely  compound  leaves  and  no  stipules ;  flowers  regular,  rarely  unisexual: 
androecium  poljandrous,  hypogynous ;  sepals  and  petals  botn  imbricated 
in  sestiyation ;  stamens  more  or  less  coherent  (1-,  3-,  or  o-adelpbous)  at 
the  base,  and  adherent  to  the  bases  of  the  petals ;  anthers  2-ceIled  ;  seeii« 
few,  sometimes  arillate ;  perisperm  little  or  none ;  embryo  atrught  or 
folded,  with  the  cotyledons  large  and  thin,  oily. — lUustratiye  Genera: 
Tribe  1.  Rhizobolejb.  Catyocary  L. ;  Tribe  2.  MABCGBAA\a£iB.  Marc- 
ffraavia,  L. ;  Tribe  3.  Tebnstikemie^.  Temstrcemia,  L.  f.  ;  Tribe  i. 
SAUBAVJEiE.  Sauravjay  Willd. ;  Tribe  5.  GoBDONiEiB.  Gordonioj  EUia, 
Camellia,  Linn. ;  Tribe  6.  Bonnettls.  Kidmeyera,  Mart 

AflnltlM,  te. — ^Temstroemiads  differ  from  Bixads  in  their  many-celled 
oyary  and  want  of  stipules ;  from  Dipterocarps  in  their  calyx,  which  if 
not  accrescent,  their  many- celled  oyary,  and  watery  (not  resinous)  joioe. 
From  TiliaciMSB  they  difier  in  their  imbricate  (not  yalyate)  calyx  ;  from 
Guttifers  in  their  alteniate  leayes,  usually  perfect  flowers,  long  s^lf. 
curyed  embryo,  &c.  From  Hy  peri  cads  they  difier  in  habit,  foliage,  and 
inflorescence.  Through  Sattravja  they  are  connected  with  the  Ericaceoui 
genus  Clethra  and  with  Dilleniads,  Eurya  establishes  a  connexion  with 
Sapotaceae;  but  these  latter  plants  haye  extroi^e  anthers.  The  tribe 
Mat'egraavie€Bj  by  some  considered  a  distinct  Order,  comprises  a  few 
plants  difiering  from  the  rest  of  the  Order  in  their  aggregate  flowei^ 
introrse,  basitixed  anthers,  sessile  stigmas,  and  specially  in  their  yerr 
peculiar  horn-line  tubular  bracts.  The  Rhizoholeai  are  large  trees,  with 
opposite  digitate  leathery  leayes,  with  an  articulated  stalk,  and  no  sti- 
pules ;  sepals  5  or  6,  more  or  less  coherent,  imbricated ;  petals  5-8,  insertnl 
with  the  numerous  stamens  on  an  hypogynous  disk ;  stamens  slightly 
coherent,  in  two  circles,  the  inner  shorter  and  often  abortiye;  oyanr 
superior,  4-5-  or  many-celled,  with  as  many  short  styles  and  minuU« 
stigmas,  each  cell  witn  1  oyule  attached  in  the  axis ;  fruit  of  seyeral 
combined  indehiscent  l-seeded  nuts,  with  a  large  aperispennic  set^d 
chiefly  consisting  of  an  enormous  tigellum  with  the  cotyledons  lyin^ 
in  a  grooye.  The  large  palmate  leaves  of  Caryocar  resemble  those  of 
Aucu/tis ;  but  here  the  caulicle^  and  not  the  cotyledons,  forms  the  mass  of 
the  embryo. 

DistrOmtioai — The  Temstroemiads  constitute  a  rather  large  family, 
distributed  mainly  in  tropical  America  and  Eastern  Asia;  yery  feware 
found  in  North  America,  and  one  species  in  the  Canaries. 

QnalltlM  and  Uses. — Some  Sauraujas  possess  emollient  properties.  Gor- 
donia  is  astringent.  Tea  is  the  produce  of  Thea  chiitensis ;  black  tea  and 
gjeen  tea  are  produced  by  the  same  plant,  the  difference  consisting  io  the 
time  of  picking  and  mode  of  preparation  of  the  leayes.  The  stimulant 
properties  of  tea  are  due  to  the  presence  of  a  volatile  oil  and  an  astrin- 
gent principle ;  the  niitritiye  q^ualities  to  a  nitrogenous  substance  called 
theine.    The  leaves  also  contain  caseine;  which,  being  insoluble  in  water, 
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is  not  ntilixed  by  us ;  but  it  is  stated  tbat  the  Tibetans,  after  drinkiD^ 
tke  iniiLdoa,  mix  the  leaves  with  fat  and  then  eat  them.  Assam  tea  is 
the  prodoce  of  a  species,  T.  Anamica,  a  native  of  the  country  whence  its 
BAOM  is  daiiFed.  Camellia  Sasanqua  is  used  with  Olea  fragraiM  to  five 
£&sxiir  and  perfume  to  Chinese  tea ;  C  oleifera  affords  excellent  salad- 
oiL  iWzui  theoida  is  made  into  tea  in  Panama.  The  Marcgraavias 
hsT«  diuretic  properties.  The  Souari  nuts  of  commerce  are  the  separated 
friiit-lobes  of  Carifoear  buiyrosum,  so  called  on  account  of  the  oil  in  the 
aeedSb  The  timber  of  this  tree  is  highly  valued.  Many  of  the  plants 
of  tiiia  Order  are  in  cultivation  on  account  of  their  handsome  flowers, 
'  IS  the  CamelUa,  Oordoftia,  Stuariia^  &c. 


CLTJSIACE^  OE  GUTTIFERJE.    Thb  Gamboge  Order. 

Coh,  GuttiferaleSi  Benth,  et  Hook. 

piagnona. — ^Trees  or  shrubs,  occasionally  parasitical,  with  resinous 
juice ;  opposite,  coriaceous,  exstipulate,  entire  leaves ;  flowers  axillary  or 
Wnuinal,  perfect  or  diclinous  by  abortion ;  sepals  imbricated  or  in  2  or 
poie  decussating  pairs,  usually  persistent  and  petaloid ;  petals  hypogynous, 
isofBeious  with  the  sepals,  sometimes  confounded  with  them ;  stamens 
^vpogynous,  numerous,  distinct,  or  in  several  parcels,  rarely  definite, 
ttlaimeots  of  various  lengths;  anthers  adnate,  not  beaked,  sometimes 
1 -celled,  opening  by  a  pore  or  transverse  slit;  disk  fleshy,  sometimes 
•>lobed ;  ovary  superior,  1-  or  many-celled ;  stigmas  sessile,  peltate,  or 
nditte ;  ovules  solitary  or  few  on  axile  placentas ;  seeds  fre(]^uently  with 
•a  aril,  without  perisperm.  Embryo  large ;  cotyledons  mmute,  fused 
toother  or  indistinguishable. — Dlustrative  Genera :  Clusia,  L. ;  Garcmta, 
L ;  Xamtkocl^frMtSf  Roxb. ;  Canibogia,  L. ;  CahphyUunij  L. 


he. — ^This  Order  is  related  to  the  Hypericace«  in  many  respects, 
Im  may  be  distinguished  by  the  tree-like  habit,  the  leathery  leaves  with 
trdenlated  stalks,  the  tendency  to  a  binary  arrangement  of  the  floral 
^T^opes,  the  seeds  usually  solitary  in  the  cells  of  the  ovary,  &c.  The 
gcn^n  with  5-merous  flowers,  Arrudea,  Moronobaa,  &c.,  form  a  con- 
3<«tiDgHnk.  The  relationship  to  Temstroemiads  has  been  alluded  to 
under  that  family.  The  CktsUs  are  described  as  parasitical,  overirrowing 
^her  trees  and  killing  them;  perhaps,  howeveri  they  are  merely  epiphytic, 
fike  FisHS. 


> — The  ffenera  are  about  twenty-five  in  number,  comprising 
•ome  two  hundred  and  fifty  species,  distributed  throughout  the  tropics, 
chiefly  in  South  America,  but  some  in  Africa. 

QoaUtiM  md  JJmm, — ^An  acrid  juice,  forming  a  yellow  gum-resin,  with 
potgative  properties,  is  one  of  the  most  striking  characteristics  of  this 
vM&r.  The  various  kinds  of  Gamboge  are  the  most  fiEmiiliar  examples  of 
tiua  substance,  and  are  derived  from  various  species  of  Oarcinia.  Siam 
gamboge  ia  yielded  by  Garcinia  Morella,  var.  fi,  pedicdlata,     Ceylon 

Smboge  is  said  to  be  aerived  from  Oarcinia  Morella,  the  form  with  sessile 
wees;  the  Pipe-gamboge  of  Siam  from  0,pictoria'y  Coorg  gamboge  ia 
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also  from  a  Oareinia ;  G,  elUptica  furnishes  the  gamboge  of  Sylhet.  Tl 
species  of  Chtsia  ]^ield  a  useful  resinous  juice,  as  do  thoee  of  Calofik^liu^ 
C.  Calaba  furnishing  the  East-Indian  resin  called  Tacamahaca.  F^rt^t^ 
desma  btUt/racea,  the  Butter-  or  Tallow-tree  of  Sierra  Leone,  is  so  nstme 
from  the  yellow  fattj  substance  which  exudes  from  the  cut  fruit.  Kokiii 
butter,  or  Oleum  GarcinuBj  is  a  fatty  substance  extracted  from  the  see^ 
of  Oareinia  indica.  Although  the  resinous  juices  are  usually  so  active  j 
their  properties,  the  fruits  of  various  Clusiacete  are  not  only  edible,  bi 
highly  prized  for  their  delicious  flavour.  The  Mammee  Apple,  or  Wi] 
Apricot  of  South  America,  is  the  fruit  of  Mammea  ajricofta ;  the  juice  < 
the  flowers  is  fermented  and  distilled,  and  the  sap  is  made  into  a  kind  i 
wine.  The  celebrated  Mangosteen  is  the  fruit  of  Garcinia  Mangostan 
(native  of  Malacca) ;  other  species  of  Garcinia^  as  G,  pedunculata,  camei 
&c.,  have  edible  fruits.  Cittsia  flaw,  is  called  the  Wild  Man^o,  c 
Monkey-apple,  in  Jamaica.  The  "  bitter  Cola  "  seeds,  not  to  be  conf  ounde 
with  the  true  Oola,  are  yielded  by  a  Guttiferous  tree,  probably  a  specie 
of  Garcinia, 


HYPERICACEJE.    The  St.  Joto's  Wobt  Obdkb. 
Coh,  Qutdf  erales,  Benth,  et  Hook. 

Diagnom, — ^Herbs  or  shrubs  with  opposite,  entire,  dotted  leaves 
without  stipules ;  regular  hermaphrodite  uowera,  the  petals  mostly  oblique 
or  convoluted  in  the  bud ;  the  many  or  few  stamens  polyadelphous,  some 
times  with  glands  between  them  j  capsule  1-celled,  with  2--5  placentae 
and  as  many  styles  (Parnassia),  or3-5-celled  by  union  of  the  dissepiments 
in  the  centre ;  dehiscence  septicidal ;  seeds  numerous,  aperispemiic— 
Illustrative  Genera:  Hypericum,  L.;  JPtimasaia,  L.  (aberrant  form};  f'ismia^ 
Velloz. 

AfflnitlM,  te. — This  Order  is  not  distantly  removed  from  the  Cluaiace«t; 
but  the  habit,  the  hermaphrodite  flowers,  usually  distinct  styles,  the  want 
of  articulation  of  the  pedunclfs  and  petioles,  the  numerous  seeds,  and  the 
/)-merous   floral   envelopes   generally  afford   distinctive  marks.      From 
Ternstroemiads  they  difler  in  their  cymose  inflorescence  and  opposite 
leaves.    The  dark-coloured  glands  on  the  borders  of  the  petals  are  very 
characteristic  here,  as  also  the  polyadelphous  stamens,  which  are  some- 
times regarded  as  instances  of  chortsiSf  but  which  more  probably  are  com- 
pound stamens.     These  stamens  are  sometimes  superposed  to  the  petal?, 
but  in  Vismia  guianensia  there  is  also  a  series  of  antisepalous  scales,  which 
restore  the  symmetry.    The  genus  Pamama  differs  from  the  rest  of  the 
Order  in  its  alternate  leaves  and  the  stigmas  opposite  the  parietal  pla- 
centas ;  but  in  some  species  of  Hynericum  the  axile  placentas  become 
drawn  apart  during  the  ripening  of  tne  seed,  and  show  their  really  mnr- 
ffinal  origin ;  and  the  glands  on  the  petals  of  Pamama  are  probably  re- 
lated to  the  bundles  of  stamens  of  Iiyf)en4^um.    Bennett  considers  them 
as  a  modified  inner  row  of  petals.     Pamasna  is  regarded  by  some  as 
referable  to  Droserace» ;  it  torms  a  link  connecting  the  present  Order 
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Tith  Cistacee  and,  being  sometimea  perigynous,  also  with  Saxifiragacese, 
ylti)  which  latter  group,  indeed,  it  is  associated  by  Hooker.  A.  W. 
i^Qnett  places  it  near  Sauvagesiace®,  and  describes  the  moTement  of  the 
•liLK^os  obsenrable  in  this  plant  as  a  provision  for  securing  cross  fertili- 

tt*rflw*laiL — ^There  are  a  considerable  number  of  species,  distributed 
U:ou^h  8  or  10  genera.  The  plants  are  8:enerally  dispersed  throughout 
tfrr  temperate  and  warmer  regions  of  the  globe. 

(Mitiai  and  Uaea. — When  a  yellow  juice  resembling  that  of  Clusiaceso 
•x^t-sit  is  more  or  leta  purgative,  as  in  some  American  Ifyperica,  and 
iJ.  more  in  the  species  of  yismia,  which  yield  a  gum-resin  like  gamboge ; 
i.  i:uf  V,  ffutanensis  (Mexico  and  Surinam)  is  known  as  American  Gummi 
(i  :tt«.  In  the  European  species  of  Hypericum  the  essential  oil  of  the 
i-iM  predominates  over  the  yellow  juice,  and  they  are  sometimes  used 
k-  '.ooics  and  astringents.  H,  Androsamum  and  the  many  other  native 
^^i^  have  a  strong  and  peculiar  odour,  especially  when  dried  ^  H.  hir' 
Mm  ifl  foBtid. 

fiEAUJnTRiACELS  couslst  of  a  few  plants  scarcely  separable  from  Hype- 
r^^tae.  They  have  shaggy  seeds  with  a  small  quantity  of  perisperm,  and 
tp^of  appendages  at  the  base  of  the  petals.  Bentham  and  Hooker 
rr>r  them  to  Tamaricacefe,  from  which  they  differ  in  their  solitary 
ijrta  and  floury  perisperm. 

ELATINACEl^  (Water  Fbppebs)  are  little  annual  marsh-plants, 
^■th  opposite  dotless  leaves  and  membranaceous  stipules ;  flowers  minute, 
uiliarj ;  sepals  and  petals  2-5 ;  capsule  2-5-cellecC  with  an  equal  number 
f'  srles  with  capitate  stigmas ;  seeds  numerous,  aperispermic.  This 
■^nle  Order  constats  of  a  few  species  scattered  all  over  the  worid,  ^ene- 
>1It  sccid  in  character.  Their  relations  are  variously  regarded  by 
Ht^nt  authors:  formerlv  they  were  placed  near  Alsinea  in  Caryo- 
^ijUicese,  from  which  their  many-celled  ovary  divides  them;  they 
K'pear  at  least  equally  related  to  H^pericace®,  from  which  they  difier  in 
tcr  presence  of  stipules  and  the  isomerous  flowers ;  they  come  near  to 
Z.^phjilsceee,  as  shown  by  Lindley,  the  transition  being  eflected  through 
the  psua  Anatropa. 


SAPINDACEiE.    Soap-woets. 
Coh,  Sapindales,  Bentk,  et  Hook, 

Diatoms. — ^Trees,  shrubs,  or  rarely  herbs,  with  simple  or  com- 
ywmd  alternate  or  opposite  leaves ;  flowers  mostly  unsymmetrical  and 
iTe-^ar,  the  4-5  sepals  and  petals  imbricated  in  {estivation ;  the  latter 
bh^  prorided  with  a  scale  at  the  base  ;  the  5-10  stamens  inserted  on  a 
^Ht  hypogynous  or  perig^ous  disk ;  ovary  2-3-celled  and  lobed,  with 
- :  wely  more)  ovules  in  each  cell  j  embryo  mostly  curved  or  convoluted, 
''ithottt  perisperm. 
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Illustrativs  Geneba. 


Suborder  1.  Sapindrs,  Leaves 
tmuiUy^  aUemate ;  fiowers  tmially  ir- 
regular :  ovules  mostfy  solitary ;  em- 
bryo curved  or  sometimes  straight, 

Cardiospermuni;  X. 

Paullinia,  L. 

Sapindus,  X. 

Cupania^  X. 

Suborder  2.  Hippocastane^. 
Leaves  opposite,  digitate ;  ovules  2  in 
a  cell,  one  ascmding,  the  other  sus- 
pended; embryo  curvedy  with  large 
consolidated  cotyledons. 


.^Esculus,  X. 
Pavia,  JSoerh, 

Suborder  3.  Dodonks.  Ltam 
aUemate ;  flowers  regular  ;  ovules  2 
or  Z  in  a  cell ;  embryo  spired, 

Koelreuteria,  Lam, 

Ophiocaryon,  Schomh, 

Suborder  4  MELiosmsiE.  Ltam 
aUemate ;  flowers  very  irregular^  sta- 
mens 6,  only  2  fertue ;  ovules  2  in 
each  ceU,  both  suspended;  emlnyo 
fcMed  up ;  frtdt  a  drupe, 
Meliosma,  JBndl, 


AAidtlM,  ftob — Some  authors  separate  the  Jfivpocastanem  and  make  them 
a  distinct  Order,  on  account  of  the  opposite  leaves  and  the  two  ovules ; 
and  the  Meliosmeee  (which  are  referred  to  Sabiacese  by  Bentham  and 
Hooker)  on  account  of  the  irregular  flowers  and  drupaceous  fruits ;  but 
these  distinctions  are  esteemed  insufficient  These  plants  are  nearly  re- 
lated to  Aceraceie,  especially  by  the  samaroid  fruits  common  here :  tbe 
main  distinctions  are  variable ;  for  the  two  carpels,  the  opposite  leaver, 
and  the  absence  of  scales  on  the  petals  and  of  an  aril  may  be  noted  in 
Sapindacese :  from  Malpighiacese,  which  have  samaroid  fruit,  thev  are 
distinguished  by  their  unsymmetrical  flowers.  The  peculiar  convofution 
of  the  embryo  is  a  very  marked  character  in  many  of  theSapindacese^aDd 
is  very  curious  in  Ophiocaryonfthe  Snake-nut.  The  wood  of  the  stems  of 
some  genera,  such  as  Sapindus,  PauUiniay  &c.,  presents  anomalous  con- 
ditions from  the  distribution  of  the  fibro- vascular  structures  into  seveial 
groups,  so  that  the  trunks  have  a  number  of  woody  axes  besides  that 
surrounding  the  pith,  all  enclosed  in  a  common  bark. 

IMstrlbiitloa. — The  members  of  this  large  ^up  are  natives  of  the 
tropics,  especially  of  South  America  and  India ;  some  occur  in  North 
America  and  other  temperate  regions;  the  Horse-chestnut  is  only 
naturalized  in  Europe. 

QuAlitlM  »nd  Uses. — ^The  properties  of  this  Order  are  verjr  various. 
They  take  their  name  from  the  saponaceous  principle  contained  in  the 
fruits  of  species  of  SapinduSj  8,  Saponaria  &c.,  which  makes  a  lather 
with  water ;  hence  the  fruits  are  used  for  washing  both  in  the  East  and 
West  Indies  ,*  the  Horse-chestnut,  JEscuhis  Hippocattanumj  possesses  it 
to  a  certain  extent  The  fruits  of  Sapindus  are  acrid ;  and  the  juice  of  the 
leaves  and  bark  of  some  species  is  poisonous,  as  are  the  seeds  of  S.  sene- 
galcnsis.  The  fruit  and  leaves  of  the  American  Horse-chestnut  or  Buck- 
eye, JEseultis  ohioensiSf  are  said  to  be  actively  poisonous,  while  the  seeds 
of  jS,  Hippocastanum  are  given  to  sheep  in  Switzerland.  The  Paullinias 
axe  very  poisonous,  from  an  acrid  narcotic  principle ;  yet  P,  sorbiUs  fur- 
nishes in  its  fruits  an  article  of  food  for  the  Brazilian  aborigines,  called 
Guarana  bread.  Guaranine,  an  alkaloid  extracted  from  various  species  of 
PauUinia,  has  properties  like  those  of  Theine.    Other  plants  produce  deli- 
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ckns  hmUf  such  as  the  Chinese  Litchi^  the  Longan  and  the  RambutaQi 
&.  m  5pecits  of  KepheHum ;  and  the  fruits  of  Schmidelia  edulis  (Brazil), 
yS^eucoa  Jnjuga  (West  Indies  and  Brazil),  Pappea  capertsiSf  Cupania 
i^iftdoj  PmUmia  gubratunda,  Schi^'hera  tHjuga,  Sapindua  eacttientm,  &c. 
^jvall  eaten. 

Staphtleacbjb,  comprising  a  small  number  of  species,  were  formerly 
T.'Z'azded.  as  related  to  Celastracese,  but  are  now  placed  near  Sapindaceaa, 
b^-ttk  which  they  ditier  chietiy  in  their  stipulate,  opposite,  pinnate  leaves, 
rmunetrical  flowers,  perispermic  seeds,  and  straight  embryo.  They  are 
'.:  little  importance ;  the  species  of  SStaphylea  are  scattered  all  over  the 
7urkL  S.pkmatay  the  Bladder-nut,  a  native  shrub,  has  oily  and  slightly 
pLjgmtire  seeds. 

Fig.  859. 
ACERACEJ^:  (Maplks),  a  suborder  of 
^^iQdacee,  Benth.  et  Hook,,  comprise  trees  7  "Bia,  '860. 

•r  shrubs  with  opposite  leaves ;  regular,  uu- 
i^mmetrical,  polygamous  or  dioecious,  some- 
tiaee  c^talous  flowers ;  stamens  on  a  fleshy 
•jfck  (lig.  369)  ;  ovary  2-lobed,  2-celled,  with 
-  CToles  in  each  cell ;  fruit  a  double  samara, 
'lith  1  seed  in  each  cell;  seeds  without  ^^^57^^  Embryo  of -4c«r 
{»'^:^perm ;  cotyledons  folded,  radicle  inferior.  T  g^faytedfro" 

— L:u?trative  Genera:   Acer.  L.,  Negundo,       ^     "        ,        theaooo. 

u,__^l,  7        J        if  J         BtameMand 

-M-ecch.  OTaryofyleer. 

rnintriM,  Ae. — Nearly  related  to  Sapindaceae,  and  placed  with  them  by 
{{estham  and  Hooker,  from  which,  however,  they  differ  in  their  opposite 
<4\edand  petals  without  scales ;  allied  also  to  JVfalpighiaceae,  from  which 
tlh-T  difler  in  the  absence  of  glands  on  the  calyx,  superior  radicle,  and 
<  I'a^  characters. 


. — ^Tbe  group  consists  of  60  to  70  species,  natives  of  the 
t^Qiperate  parts  of  Europe,  Asia,  and  North  America.  Traces  of  them 
art  iin»t  observable  in  the  Lower  Miocene  formation. 


QtwHrtea  and  Vatm, — Chiefly  remarkable  for  the  sap,  from  which  abun- 
<itace  of  sugar  is  obtained  in  spring,  especially  from  A.  8acc?uirinum 
N*>rth  America).  Their  light  and  handsome  timber  is  also  valued  for 
yimerv  &c  The  bark  is  astringent,  and  used  in  dyeing.  A.  campestre, 
lutiTe  Maple,  and  A.  pseudo-pUuufiuSf  the  Sycamore,  are  common  trees 
^  Britain.  A.  lieyundo  and  various  other  kinds  of  Maple  have  been  intro- 
(icced  from.  North  America  on  account  of  their  beauty  as  ornamental 
t>Tay  especiallj  in  autumn. 


POLYGALACE^.    Milk-wokts. 

Coh.  PolygalinesB,  JSentk,  et  Hook. 

Uiagnosii. — ^Herbs  or   shrubs  ^yith  alternate,  exstipulate,  sim- 
ple leaves;  irregular  hermaphrodite  flowers;  4-8  diadelphous  or 
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monadelphous  stamens ;  the  anthers  1-2-celled,  opening  at  the  apex 
by  a  pore  or  chink  ;  fruit  a  2-celled,  2-seeded  pod ;  seeds  canmcu- 
lated. 

Character, 

Tludamvs  flat  or  oblique.  Calyx :  sepals  5,  very  irregular,  distinct, 
often  membranaceous ;  3  placed  exterior,  1  behind  and  2  in  front 
the  interior  2  (ivings)  lateral,  usually  petaloid.  Corolla :  prtnh 
usually  3, 1  anterior  and  large  (heel)  and  2  posterior,  between  the 
wings  and  posterior  sepal  of  the  calyx,  andoft^en  coherent  with  ihe 
keel ;  sometimes  5,  the  additional  2  small,  and  placed  between  the 
wings  and  the  anterior  sepals  on  each  side ;  the  keel  entire  and 
with  a  fringe  or  crest,  or  3-lobed  and  without  a  crest.  Stamruf 
hypogynous,  8,  coherent  in  a  tube,  unequal  and  ascending :  the 
tube  split  opposite  the  back  sepal ;  or  4,  distinct ;  anthers  dbivati", 
1-celled,  and  opening  by  a  terminal  pore,  or  2-celled.  Ovar^ 
compound,  2-3-celled,  one  cell  always  suppressed  in  some  ctLse^ : 
ovules  suspended,  solitary  or  twin ;  style  and  stigma  simple,  some- 
times hooded.  Fruit  various,  dry  or  succulent,  sometimes  winged : 
seeds  pendulous,  naked  or  with  a  hairy  coat,  a  caruncle  next  the 
hilum  ;  embryo  straight  or  nearly  so,  in  abundant  perisperm.— 
Illustrative  Genera:  Salommiia,  Lour. ;  Folyyala,  L. ;  jHundtia, 
Kunth ;  Monnina,  Euiz  &  Pav. ;  Securidacay  L. ;  Xanthophyllum, 
Roxb. ;  Kramerittj  Lceffl.  (?). 

▲fllnitlM,  ftob— The  relations  of  the  Polygolaceie  have  been  a  subject  of 
much  discussion  among  botanists.  The  irregular  calyx  and  corolla,  some- 
what  papilionaceous  in  Polygcday  has  led  to  a  comparison  to  Leguminoaae, 
from  which,  however,  they  differ  widely;  moreover  the  odd  peul  is 
anterior  in  Polygalads,  not  next  the  axis  as  in  Leguminosse.  The  irre^- 
lar  petals,  together  with  the  hooded  stigma,  have  suggested  a  relationship 
to  Violaceae ;  Brown  pointed  out  their  relation  to  Tremandrace®,  of 
which  they  may  he  considered  irregular  forma ;  Krameria  has  been  re- 
ferred by  some  writers  to  the  QsDsalpineous  division  of  the  Leguniintf^. 
Most  authors,  however,  are  amed  that  the  nearest  affinity  is  to  Sapio<b- 
ceae.  Krameria  is  raised  to  the  rank  of  a  distinct  Order  by  a  few  writers, 
on  account  of  the  different  corolla,  composed  of  5  petals',  4  (often  free) 
stamens,  and  1-celied  ovary.  Motttabea  has  sepals,  petals,  and  stamens 
connate  into  a  tube.  XanihophyUum  has  free  stamens,  2-celled  anthers, 
and  a  1-celled  fruit.  Perisperm  is  sometimes  wanting.  The  pollen  in 
Polygala  is  elliptical,  with  numerous  bands. 

Distribntloii. — ^A  large  Order,  nearly  half  the  species  of  which  are 
comprised  in  the  genus  Polygala  and  are  very  generally  distributed ;  the 
others  are  mostly  confined  to  particular  quarters  of  the  globe. 

Qnalltlea  and  Ums.  —The  plants  of  this  Order  are  mostly  bitter,  and 
aciid  or  astringent,  with  a  milky  juice  in  the  root.  The  common  Milk- 
wort, P.  vulgaris,  and  especially  the  form  called  P,  amara,  posseswes 
bitter  properties,  but  in  less  degree  than  P.  rubeUa  of  North  America. 
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(Molucca)  is  said  to  be  intensely  bitter.  The  more 
»i-*txT'e  spede»  o{ Poiifffaia  have  emetic,  purgative, and  diuretic  properties: 
/*.  Se-Mrga,  the  American  Snake-root,  with  P.  sanguinea  and  purpurea^  the 
^ '  ipe  J*.  Serpenfaria^  the  European  P.  chamcebuxu8f  and  the  P.  crofala" 
Tit*ides  of  the  Himalayas  &c.,  all  9how  this  property ;  and  they  are  like- 
wisie  all  reputed  antidotes  a^rainst  the  poison  of  snakes.  P.  venenosa  (Java) 
v»  Tv^esnlM  ss  a  poison,  the  properties  being  excessive!  v  concentrated. 
/*.  ttmdona  (North  America)  is  used  in  dyeing.  The  bark  of  the  root  of 
m  species  of  Mundtia  contains  a  saponaceous  substance,  and  is  used  for 
vmahiDg.  Krameria  iriandra  and  other  species,  called  Khatany,  are 
r^marJaible  for  the  powerful  astringent  quahty  of  the  roots,  which  gives 
a  deep  red  colour  to  an  infusion.  Ilhatany-root  is  used  in  medicine,  and 
'm  employed  also  to  adulterate  Port  wine. 

TsKVAKDBACEA  are  a  small  Order  of  plants  related  to  Polygalaceae, 
bet  with  a  regular,  symmetrical  flower,  valvate  calyx,  free  stamens,  and 
»eed9  booked  at  the  chalazal  end.  They  may  be  regarded  as  regular- 
^•jw^red  Polygalas.  De  Candolle  placed  them  between  Polygalaceee  and 
PittosporacesB. — They  are  slight,  neathy  shrubs,  growing  m  Australia : 
l'>  species  are  known,  belonging  to  the  genera  TretnandrOy  TetrtUfteca,  and 
PiafytAeea.  They  derive  their  name  from  the  porous  dehiscence  of  the 
sctheiSy  and  are  of  no  known  use. 

MALPIGHIACE^. 

Series  Disciflone ;  Cohort  Qeraniales,  Benth,  et  Hook, 

DiagnoM. — Trees  or  shrubs,  often  climbers,  with  usually  opposite  or 
▼borled,  rarely  alternate  leaves ;  stipules  crenerally  short  and  deciduous, 
<>ixasionaIly  large  and  opposite  the  leaves  ;  flowers  perfect,  or  polygamous ; 
calyx  and  corolla  5-merous,  calyx  with  glands  at  the  base  of  I  or  of  all  the 
«^nnent8 ;  petals  clawed ;  stamens  mostly  10,  often  monadelphous  with  a 
thickened  produced  connective ;  caipels  3,  or  very  rarely  2  or  4,  wholly  or 
partly  coherent,  often  keeled  ;  ovules  solitary  in  the  cells,  pendulous  from 
long  funiculi ;  seeds  aperispermic ;  embiyo  with  mostly  convolute  thick 
or  leafy  cotyledons.— illustrative  Genera :  Malptgkia,  Plum. ;  Hiraa ; 
GaydiAaudia ;  BanisteriOf  L. 

imiiitlM,  ftcb — The  closest  relations  of  this  Order  are  Sapindacese  and 
Acezace»,  from  which  they  are  distinguished  by  their  symmetrical  flowers, 
and  generally  br  the  glands  in  the  c^yx,  the  long  stalks  to  the  petals,  the 
email  disk,  and  solitary  ovule.  Many  of  the  species  have  dimorphic 
dowers.  Some  of  the  climbing  kinds  have  stems  of  anomalous  structure 
with  several  woody  axes,  without  annual  rings,  enclosed  in  a  common 
bark,  or  ultimately  more  or  less  separated  from  one  another.  Nitrarta,  a 
genus  of  saline  plants,  is  sometimes  separated  as  a  distinct  Order.  Two 
or  more  embryos  in  the  same  seed  occur  in  some  species.  The  Order  is 
a  large  one,  comprising  many  genera  and  species,  wnich  latter  are  mostly 
Tropical- American.  Their  properties  are  generally  unimportant ;  many 
of  tnem  have  been  introduced  into  our  stoves  on  account  of  their  showy 
flnwera  The  fruits  of  Malpighta  glabra  and  ptmicifolia  are  eaten  in  the 
West  Indies^  under  the  name  of  Barbadoes  Cherries.    Munby  supposes  the 
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sedaiiye  or  semi-intoxicating  drupe  of  Nitraria  tridenUUa  (Sorih 

to  have  been  the  Lotus  of  the  ancients.    The  bark  of  most  kinds  Ib 

tringent ;  the  hairs  of  some  Malpigliias  sting  powerfully. 

Erythboxylack^  are  by  some  authors  separated  from  tbe  Malpi^hi- 
aceee  on  account  of  the  calyx  having  no  glands,  while  the  petals  present  i\^€ 
membranous  plates,  on  account  of  their  capitate  stigmas,  and  the  abeencfi 
of  a  long  funiculus  to  the  anatropous  ovule.  They  are  closely  allied  to 
JAnace€e,  with  which,  indeed,  they  are  associated  by  iBentham  and  Hooker, 
but  differ  in  the  presence  of  scales  to  the  petals,  their  drupaceous  fruit, 
and  woody  stem.  They  are  shrubs,  mostly  oelonging  to  one  genusi,  Ery 
throxi/lon,  and  found  most  abundantly  in  Brazil ;  but  a  few  are  scattered 
all  over  the  globe.  They  receive  their  name  from  the  red  colour  of  the 
wood  of  some  kinds,  such  as  Erythroxylcn  hypericifolium  (Mauritius). 
The  most  remarkable  plant  of  the  Order  is  E.  Cocoj  the  leaves  of  which, 
under  the  name  of  Coca  or  Ipadu,  are  largely  consumed  in  Peru  and  in 
Equatorial  America,  to  produce  a  kind  of  intoxication ;  "  Coca  *'  ia  said  to 
enable  the  natives  to  go  two  or  three  days  without  food ;  it  is  mixed  with 
powdered  chalk  and  chewed.  Its  properties  are  due  to  a  principle  like 
Theine,  which  arrests  the  sense  of  fatigue  and  hunger.  Several  species 
of  ErythroxyUm  are  recorded,  and  two  or  three  belonging  to  other  Genera. 

MELIACK^. 

SericB  Disciflom ;  Coh,  Geraniales,  Benth,  et  Hook, 

DiagnoiU, — ^Trees  or  shrubs  with  alternate  or  somewhat  opposite 
simple  or  pinnate  leaves,  without  stipules ,:  flowers  sometimes  diclinous  by 
abortion ;  calyx  and  corolla  8-,  4-,  or  5-merous ;  stamens  twice  as  many, 
coherent  in  a  long  tube  or  free ;  anthers  sessile  in  the  orifice  of  the  tube ; 
hypogynous  disk  sometimes  cup-like;  ovary  free,  compound,  few-  or 
many-celled ;  style  1 ;  ovules  1-2,  rarely  4  in  a  cell ;  fruit  succulent  or 
capsular,  often  1 -celled  by  abortion  ;  seeds  not  win^d ;  perisperm  fleshy 
or  absent. — Illustrative  Genera :  Meiia,  L. ;  Trichitta^  L. ;  Swietenioj  L. ; 
Cedrela,  L. 

AfBnitlM,  ho, — Nearly  related  to  KutncesB.  It  differs  in  tbe  leaves, 
which  are  generally  not  dotted,  and  in  the  staminal  tube }  from  Sapinda- 
cesB  in  the  ascending  ovules,  with  ventral  raphe.  The  species  are  nume- 
rous, and  are  found  m  the  hotter  parts  of  the  globe  generally ;  they  possess 
bitter  and  astringent  properties;  some  are  powerfully  purgative  and 
emetic,  such  as  Gxtarea  Aubletii  and  trickiUotdes,  Tnchika  emeticaj  &c, 
Melia  Azedarach,  the  Neem-tree,  or  Margosa,  of  the  East  Indies,  is  sup- 
posed to  have  febrifugal  properties  ;  its  succulent  pericarp  yields  an  oil; 
and  a  kind  of  todd  v  is  obtained  by  tapping  it.  Carapa  ffmneensis  fields  a 
pui^ative  oil,  whicli  is  used  also  for  lamps.  Lansiwn,  a  genus  of  the  East^ 
Indian  archipelago,  yields  an  edible  fruit  called  Laugsat  or  Lanseh  and 
Ayer-Ayer. 

The  Cedrelese  are  distinguished  from  other  Meliacesa  chiefly  by  the 
free  stamens  and  the  numerous  winged  seeds.  Chhtoxylon  and  FUndef' 
sia  have  dotted  leaves.  The  plants  are  most  common  in  the  tropics  of 
America  and  India.  They  have  frs^rant^  aromatic,  and  tonic  properties 
and  their  timber  is  valuable.    SwieUnia  Mahttgani  is  the  Mahogany- 
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its  \mA,  and  that  of  Cedrda  Toona^  febrifugOj  and  other  species, 
led^  as  mihstitutes  for  Cinchona.     Chhroxf/ion  Swietenia  furnishes 

£art-Indiaui  Satin-wood ;  and  an  oil  called  Wood-oil  is  obtained  from  it. 

Oritya  x€smtiuayla  is  the  Yellow- wood  of  Australia. 

AUEAXTIACB^.    The  Orange  Okdeb. 
Sme$  Disciflorss  ;  Tribe  of  RutacesB,  JSenth.  et  Hook, 

Dimg^mom. — Trees  or  shrubs  with  smooth,  glandular  alternate  leaves, 
the  blaide  jointed  to  the  petiole;  flowers  regrular,  hermaphrodite,  3-5- 
Kcrotia ;  netala  and  stamens  inserted  on  an  hypogynous  disk ;  stamens 
vith  flat  nlamenta,  distinct  or  coherent  into  one  or  several  parcels ;  ovary 
pu j-celled,  style  single,  terminal ;  fruit  pulpy,  often  with  a  glandular 
'-^Atkery  rind ;  seeds  without  perisperm  j  embryo  with  thick  fleshy  cotyle- 
dons mnd  ft  short  radicle  next  the  hilum. — Illustrative  Genera :  Triphasia, 
Lcnr. ;  Berpera,  Keen. ;  Oookia.  Sonner. ;  Feronia,  Corr. ;  jEgle,  Corr. ; 

AAadttos,  Ac — The  plants  of  this  Order  are  by  Bentham  and  Hooker 
cksaedas  a  tribe  of  Hutacea,  and  are  nearly  related  to  the  Meliaceae  in  the 
ftmctiue  of  the  flowers,  and  still  more  closely  to  Amyridacess.  In  general 
tbey  are  distinpiishable  by  the  dotted  leaves,  witli  the  blade  (simple  or 
cinDpoDnd)  articulated  to  the  petiole,  the  deciduous  imbricated  petals, 
■z^  the  succulent  fruit.  The  relation  to  RutaceaD  is  rendered  clearer  by 
^ceaaonal  monstrosities  of  the  firuit,  from  which  some  of  the  carpels  grow 
rgt  like  horns.  Sometimes  a  second  circle  of  carpels  is  produced,  forming, 
&s  it  were,  a  double  concentric  fruit,  comparable  in  some  measure  to  the 
tooditioiis  in  the  Pomegranate,  where,  however,  the  whole  fruit  is  en- 
dowed in  the  excavated  receptacle.  The  pulp  of  the  Orange  consists  of 
c^rllalar  hairs  produced  from  the  wall  of  the  fruit.  The  seeds  of  Oranges 
olten  contain  two  embryos;  and  they  are  remarkable  for  the  develop- 
nhfot  of  ramified  collections  of  spiral  vessels  at  the  chalazal  end,  withm 
tbe  testa,  also  for  a  peculiar  coloration  of  the  inner  coat  of  the  seed  in 
this  sitnation. 

TihuniiiCliiM — Chiefly  East-Indian  plants,  but  diffused  by  cultivation 
throughout  the  tropics,  and  even  in  the  warmer  temperate  regions. 

Q^alHIfts  and  Vaem, — The  most  remarkable  parts  of  these   plants  are 
their  fruits ;  those  of  the  genus  Citrus  being  amon^  the  most  valuable  and 
beFt-known  of  imported  fruits.    The  species  of  Cttnis  are  not  clearly  de- 
tint^  much  difference  of  opinion  existing  as  to  the  speciflc  distinctness  of 
certain  forms,  which,  as  in  most  cultivated  plants,  are  much  confused. 
C.  Awrantium  is  the  common  Sweet  Orange ;  C.  Bigaradia  or  C.  vulgaiiA, 
the  bitter  or  Seville  Orange,  seems  to  be  Known  only  in  cultivation,  and 
i»  supposed  by  some  to  be  a  varietv  of  the  preceding.     C  Bergamm  is  the 
MeUarosa  or  ^ergamot  Orange,  wnich  is  also  redded  as  a  variety  oi  C. 
limMi^  the  cultivated  Sweet  Lime ;  C.  acida  is  the  East-Indian  Lime ; 
C  Lhnonum  is  the  ordinary  Lemon ;  C.  Lttmia  is  the  Sweet  Lemon,  cul- 
tivated in  the  South  of  Europe ;  C.  medica  is  the  Citron ;  C.  decumana  is 
the  Shaddock;  C  Parodist  the  Forbidden-fruit ;  C  Pompelmos  the  Pom- 
pelmoose;   and   C.  Japonica  the  Kumquat.    All  these  fruits  have  an 
abnsdant  pulp^  which  varies  chiefly  in  the  degree  of  acidity  and  the 
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peculiar  aroma ;  that  of  C  Bigartulia  is  also  bitter.  The  rind  of  all  15 
Ira^ant,  from  the  presenctj  of  imbedded  glands  containing  essential  oil  of 
aromatic  and  bitter  character ;  the  flowers  partake  of  the  aromatic  qualit};'. 
The  oil  of  Neroli  is  obtained  from  the  flower  of  C  Bigaradia ;  but  the  oil 
of  the  rind  is  also  used  for  making  Orange-flower  water.  Oil  of  Berga- 
mot  is  from  the  flower  and  rind  of  the  fruit  of  C.  Bergamia ;  huiU  de  Ce- 
drat  from  C,  medica ;  the  essential  oil  of  the  Lemon-rind  is  also  lar^gely 
used.  The  rinds  are  also  valued  for  their  bitter  and  aromatic  properties 
when  dried  or  preserved  with  sugar.  The  drj'  rinds  of  Orange,  llemoD, 
&c.  are  used  as  stomachics  in  medicine,  in  infusions  and  tinctures;  and 
are  also  employed  in  the  preparation  of  liqueurs  and  cordials,  such  9^ 
Cura^oa  &c.  ;  the  fruit,  rind,  and  pulp,  when  preserved  with  sugar,  form 
"  marmalade/*  the  best  being  made  from  the  Seville  Orange.  The  acidity 
of  the  Lime  and  Lemon  depends  chiefly  on  the  presence  of  citric  acid,  and 
renders  them  very  valuable  as  antiscorbutic  agents.  j^gU  Martneloa,  the 
Bael-fruit,  sometimes  used  in  cases  of  dysentery,  has  a  delicious  fruit, 
which,  however,  is  laxative ;  the  rind  is  used  as  a  vermifuc^.  Cookia 
punctata  yields  the  Wampee,  highly  valued  in  China  and  toe  East-In- 
dian Archipelago ;  and  the  fruits  of  other  plants  of  the  Order  are  eaten. 
The  wood  of  all  the  trees  is  hard  and  compact ;  the  foliage  shares  the 
fragrant  character  of  the  fruits,  containing  abundance  of  glands  flll^ 
with  aromatic,  bitter  essential  oils.  The  Orange,  Lemon,  and  their 
varieties  are  largely  cultivated  in  the  South  of  Europe  in  the  open  air  ; 
and  in  our  conservatories  they  are  everywhere  prized,  on  account  of  their 
striking  appearance  when  in  fruit  and  the  delicious  perfume  of  the  flowers. 
Orange-  and  Lemon-trees  are  wonderfully  prolific  of  fruit ;  and  the  plants 
retain  their  vitality  with  great  obstinacy  when  taken  from  the  ground  and 
transported  to  a  distance,  and  when  they  are  multiplied  by  cuttings. 

LINACEiE.    The  Flax  Oedeb. 

Series  DisciflorsB  ;  Coh.  Geraniales,  Benth.  et  Hock. 

Diagnosis. — Herbs,  or  sometimes  shrubs,  without  stipules;  with  re- 
ffuLir  symmetrical  hermaphrodite  flowers,  4-6-merous  throughout ;  calyx 
imbricated ;  petals  convolute  in  aestivation ;  stamens  usually  5,  cohereut 
at  the  base,  often  with  inter\'ening  sterile  stemens ;  ovary  compound,  of 
about  as  many  carpeld  as  there  are  sepals  ;  styles  distinct ;  capsule  many- 
celled,  each  cell  divided  more  or  less  perfectly  into  two  by  a  raise  septum 
from  the  dorsal  suture,  each  compartment  with  one  seed,  having  a  straight 
oily  embryo  and  with,  or  rarely  without,  perisperm. — Illustrative  Genera ; 
Liuum,  L. ;  Badiola^  Dillen. 

Affinities,  &c. — Most  nearly  related  to  OxalidacesB,  but  likewise  con- 
nected with  Carvophyllace4e,'Malvace8B,  and  GeraniacesQ  by  the  general 
structure  of  the  Sowers,  the  coherent  stamens,  &c. ;  but  the  simple  entire 
leaves  and  the  peculiar  structure  of  the  capsules  are  very  distinctive  marks. 
From  MalpighiacesB  they  difler  in  their  glandless  calyx. 

DistrSbntlon. — A  small  Order,  generally  diflused,  but  moat  abundantly 
80  in  Europe  and  North  Africa. 

QoAlltlea  and  Ums. — Linum  catharticum^  a  native  weed,  has  active 
purgative  properties ;  but  the  most  important  pltmt  of  the  Order  is  L. 
untatissimumf  the  Uber-fibres  of  which  constitute  Flax,  while  the  seeds, 
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kno^vn  asUnaeedf  yield  a  most  valuable  diring-oil,  and  their  cake  fonns 
as  «;X€seI]ent  material  for  fattening  cattle.  The  flowers  of  many  species  of 
Limmsm  are  yery  showy  (blue,  yellow,  pink,  &c.),  but  are  mostly  fugacious. 
lAe  fio  wen  of  some  are  dimorphic. 

OXALIDACE^.    WooD-SoBEELS. 

Series  Bisciflorse ;  Tribe  of  Geraniaceae,  Benih,  et  Hook. 

ZKoMTMomjL— Herbs,  or  rarely  shrubs  or  trees,  with  an  acid  juice; 
nineclj  compound  alternate  leaves ;  regular,  symmetrical,  hermaphrodite, 
•Vmeroiu  flowers ;  calyx  imbricated,  and  petals  convolute  in  (estivation ; 
^tanwfiis  10,  somewhat  monadelphous ;  styles  5,  separate ;  capsule  5- 
<^-4lHi,  several-seeded ;  seeds  perispermic ;  embryo  straight  or  curved. 
Radicle  superior. — Dlustrative  Genera :  Ojcalis,  L. ;  Averrhoa,  L. 

AOnitlflSt  ftc. — Nearly  related  to  Geraniacese,  with  which  Bentham  and 
Hfoker  unite  them.  From  Linacese  they  may  generally  be  distinguished 
by  tbeir  compound  leaves ;  but  the  septa  in  the  capsules  of  that  Order 
a^nd  the  most  constant  distinction.  Ihe  seeds  of  Oxalis  have  an  elastic 
•'•e^fcy  coat,  which  opens  with  elasticity  and  expels  the  seed  when  ripe. 
Sttcie  regard  this  as  an  aril,  others  as  a  development  of  the  testa.  The 
karesof  many  kinds  are  sensitive,  especially  Oxalis  aensitiva  and  Aver- 
rmta  BHwibi;  but  others  possess  the  quality  m  lower  degree.  O.  bupleu- 
rif'jUa  and  some  other  species  have  phyl lodes. 

Dirtrffc^Hflo- — A  rather  large  Order,  the  members  of  which  are  gene- 
nlly  diffused  in  temperate  and  hot  climates ;  most  abundant  in  America 
Slid  at  the  Cape  of  Good  Hope.    The  shrubby  kinds  belong  to  hot  climatef>. 

QoaUtlM  and  Uses. — The  most  marked  property  of  Oxalis  is  the  acid 
;:iice,  depending  on  the  presence  of  oxalic  acid.  O.  Acetosella,  Wood- 
timA,  abounds  in  our  woods.  Averrhoa  BiUmbi,  the  Blimbing,  ^.  Ca- 
rmmholay  the  Carambole  of  the  East  Indies,  have  acid  fruits,  which  are 
'ates  by  the  natives,  but  used  chiefly  as  pickles  by  Europeans.  Some 
•■pecies  of  Oxalis  have  tubers  furnishing  wholesome  food.  O.  crenata 
Arraracfaa)  is  used  like  potatoes  in  Columbia ;  O.  Deppei  has  root^  as 
^^^i  as  small  parsneps.  The  tubers  of  O.  aiUMrmntica,  the  Mitcha- 
aiitcho  of  Abyssinia,  are  said  to  be  valuable  as  an  anthelmintic.  Many 
kinds  are  cultivated  on  account  of  the  beauty  of  their  flowers. 


GERAXIACE^.    Cbane's-bills. 

Series  Disciflorse ;  Coh.  Geraniales,  Benth,  et.  Hook, 

Diagnosis, — ^Herbs  or  shrubs,  with  articulated  swollen  stem-joints ;  op- 
posite or  alternate  leaves,  and  membranous  stipules ;  regular  or  irregular, 
frmmetrical,  hermaphrodite,  6-merous  flowers;  sepals  imbricated  and 
^tals  contorted  in  estivation :  stamens  mostly  10^  coherent  at  the  base, 
tbe  alternate  ones  shorter  ana  sometimes  barren ;  carpels  5,  adherent  to 
a  central  prolonged  axis  (carpophore),  from  which  they  separate  when 
ripe  by  the  elaatic  curling-bask  of  the  segments  of  the  style,  carrying  away 
the  l-seeded  dehiscent  cocci  (fig.  361). — Illustrative  Genera :  Erodium^ 
Uetit.;  Geranktm^  H^rit. ;  Mo/isonia,  L.  ^  Pdargoninifny  H^rit. 
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AlitnltiM,  Aa — Many  points  of  affinity  exist  with  Oxalidacete,  Linaces, 
and  Balsaminacefe,  likewise  with  Tropceolacess,  and,  less 
important  ones,  with  Zygophyllacese.  The  arrangement  Fig.  361. 
of  the  carpels  round  a  column,  the  palmate  leaves  of 
some  kinds,  the  monadelphous  stamens,  and  the  convo- 
luted emhryo  cause  a  good  deal  of  resemblance  to  some 
of  the  MalvacesB.  The  peculiar  fruit,  the  stipules,  the 
swollen  joints  of  the  stem,  and  the  convoluted  embryo 
separate  this  Order  from  the  nearest  allies.  From  Malva- 
cese  it  may  be  distinguished  at  once  by  the  imbricated 
ffistivation  of  the  calyx.  Pelargonium  is  remarkable  for 
a  spur  or  pouch  extending  from  the  base  of  the  calyx  and 
adnerent  to  the  peduncle.  Most  of  the  plantii  have 
aromatic  oil  contained  in  glandular  hairs,  givmg  a  musky 
or  other  strong  odour. 

XMstrOmtloik— The  species  are  numerous.  Geranium 
and  Erodium  belong  chiefly  to  the  temperate  parts  of  Frail  of  Gtmw^ 
the  Northern  Hemisphere.  Pe/or^tmiiim  abounds  at  the  ^KS»i5doSSk 
Cape  of  Good   Hope,  and   occurs  in   Australia.    One    ^  «»n>«» 

species  is  found  in  Asia  Minor. 

Qualities  and  Ums. — Astringent  and  aromatic  properties  are  general. 
The  common  weed  O,  Bobertianum  had  a  reputation  formerly,  and  the 
G.  maculatumj  or  Alum -root  of  North  America,  is  a  powerful  astringent, 
containing  a  large  amount  of  tannin.  The  species  of  Erodium  which 
emit  a  musky  odour  are  said  to  have  similar  properties.  Some  have 
tuberous  roots ;  that  of  Pelargonium  triste  is  eaten  at  the  Cape  of  Good 
Hope.  The  species  of  Pelargonium  are  remarkable  for  the  beauty  of  their 
flowers,  which  are  more  or  less  irregular  and  spurred,  and  have  great  sus- 
ceptibility of  improvement  by  culture,  and  a  tendency  to  run  into  varieties, 
rendering  them  established  "florist's  flowers."  Many  of  them  have  zones 
or  belts  of  colour  in  the  leaves.  The  species  of  Geranium  proper  hsfe 
regular  flowers  without  spurs ;  others  are  very  fragrant. 

BALSAMINACFLE.    Balsams. 

Series  Disciflorce ;  Tribe  of  Geraniacesa,  Benlh,  et  Hook, 

Diagnosis. — Annual  plants  with  succulent  stems,  full  of  bland  wateir 
sap ;  flowei-s  hermaphrodite,  very  irregular ;  stamens  5,  somewhat  united ; 
the  fruit  mostly  bursting  elastically  when  ripe.  *  Embryo  straight,  apeii- 
spermic.  Radicle  superior. — ^Illustrative  Genera :  In^atienSf  L.  -,  Hydr^t- 
ceroj  Blum. 

AfflnltleB,  fta — ^This  Order  is  nearly  related  to  Geraniacese,  and  is  included 
in  that  family  by  Bentham  and  Hooker,  but  may  be  distinguished  by  the 
want  of  the  peculiar  carpophore  of  that  Family,  and  by  the  much  greater 
irregularity  of  the  flower:  the  irregular  flower  also  separates  it  from 
Oxalidacete  and  other  alliea  Orders.  This  irre^ar  flower  does  not  really 
depart  widely  from  a  sym*metrical  condition :  it  is  completely  6-merou5, 
except  *in  the  suppression  in  Impatiens  of  the  petal  opposite  the  bract 
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(vhich  18  developed  in  Hydrocerd) ;  the  two  small  lateral  sepals,  the  spur, 
Acd  tiie  doable  segment  on  the  opposite  side  to  the  spur  form  an  imbri- 
rated  caljz  of  five  parts ;  the  odd  petal  opposite  the  two  confluent  sepals 
b  sopprnsed,  and  the  others  are  generally  combined  into  two  2-lobed 
bidi^  bat  are  sometimes  free ;  in  single  flowers  the  stamens  alternate  with 
tfce^e ;  in  doable  cultivated  flowers  a  second  coroUine  circle  of  five  petals 
sometimes  appears  in  the  place  of  the  stamens,  and  the  stamens  alternate 
vain  with  toese.  The  structure  of  the  ovary  and  its  mode  of  dehiscence 
are  also  deserving  of  notice.  The  name  of  the  genus  Impatient  is  derived 
from  the  elftsticitv  with  which  the  capsule  bursts  when  touched  after  the 
»^  are  ripe.  The  species  are  rather  numerous.  A  few  are  scattered 
Tver  the  globe ;  but  the  majority  are  East-Indian.  Their  properties  are 
ciimportuit  /.  Balsamma  is  a  valued  tender  annual  plant ;  7.  NoU^nie^ 
tja^ert  grows  in  the  north  of  England ;  and  /.  fulva  (North  America)  is 
t&tuialixed  in  some  places  in  Southern  England. 

VrviANACEA  are  a  small  Order  of  South-American  herbs  or  half- 
shrubby  plants,  related  to  Gerauiaceee,  but  having  a  valvate  calyx  and 
peispenmc  seeds.    Properties  unknown. 

TEOP^OLACE^.      GABDEir-NASTTTETIFMS. 

Seria  DisdfloraB ;  Tribe  Pelargoniese  of  Geraniacese,  Benih,  et  Hook, 

Diatom. — Smooth  trailing  or  climbing  herbs  with  a  pungent  juice ; 
lares  alternate,  exstipulate ;  flowers  axillary,  irregular,  perfect ;  sepals 
tf->,  the  upper  or  posterior  one  spurred ;  petals  1-6 ;  stamens  6-10,  peri- 
rnoos,  distinct ;  ovary  superior,  of  3  or  o  carpels ;  style  single ;  stigmas 
•>-5 ;  ovoles  pendulous,  1  in  each  carpel ;  fruit  dry ;  carpels  separating 
tf  iodehiscent  achenes  from  a  central  axis ;  seeds  large,  aperispermic. — 
Hhtstntive  Genera :  Tropaolum,  L. ;  Chymocarpus^  Don. 

AflBMM,  Ae. — A  small  Order  of  plants,  natives  of  the  temperate  parts 
cf  South  America,  related  to  Limnanthacese,  Malvaceae,  and  Geraniacese, 
i£d  included  in  the  latter  family  by  Bentham  and  Hooker.  The  genus 
Tropaoivm  contains  the  garden  Nasturtiums,  or  Indian  Cresses,  notable 
i)t  their  puntrent  juice,  somewhat  like  that  of  Cruciferse.  Various  species 
I^Te  a  tuberous  root ;  that  of  T,  tuberosum  is  eaten  in  Peru.  The  spur 
(•f  the  calyx  of  Tropaolum  is  curious,  resembling  that  of  Pelargonium^ 
Ix^t  is  free  from  the  peduncle.  In  some  cases  it  would  seem  to  be  a 
tohulur  process  from  the  receptacle.  The  flowers  are  mostly  showy  and 
of  great  variety  of  colour.  Tne  Canary  Creeper,  T,  peregrinum  or  adun- 
*«,  may  be  noticed  for  the  power  of  the  full-grown  plant  to  obtain  its 
^mishment  apparently  almost  entirelv  from  the  atmosphere,  and  for  its 
climbing  by  twining  its  petioles,  like  Clematis. 

Lqciaxthacejb,  a  small  Order  of  North- American  plants,  are  chiefly 
distinguished  from  Tropaeolaceas,  with  which  they  are  associated  in  the 
^niily  Geraniacea  by  Bentham  and  Hooker,  by  their  regular  flowers, 
^^^  ovules,  and  the  adherence  of  the  stamens  to  the  calyx.  Their 
Fj^rties  are  analogous.  lAmtianthes  (California)  has  showy  flowers. 
^Mk  (United  States)  is  a  mere  weed. 
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ZYGOPHYLLACE.E.    Beak-Capebs. 

Series  Disciflorse ;  Coh.  Geraniales,  Ilook.  et  Benih, 

Diagnons, — Herbs,  shrubs,  or  trees  with  opposite  stipulate,  mostly 
imparipiimato,  not  dotted  leaves ;  cal3'x  and  corolla  4-5-merous,  imbri* 
cited  in  aestivation ;  stamens  twice  as  many,  hypogynous,  each  often  at 
the  back  of  a  scale ;  ovary  surrounded  by  (flands  or  a  toothed  disk,  more 
or  less  deeply  4-5-lobed,  4-5-oelled ;  fruit  capsular ;  dehiscence  valvular 
or  into  cocci ;  few-seeded ;  perisperm  spai*in$<^  or  none. — Illustrative  Genera: 
TriMu9t  Toumef. ;  Peganum^  L. ;  Far/onia,  Toumef. ;  Zt/gophtflUan,  L. ; 
Larrea,  Cav. ;  Guaiacum^  Plum. ;  JfelianthuSf  L.  (P). 

AflinltlM,  Jke. — This  order  is  very  closely  allied  to  Rntacew  (but  diifers  in 
habit,  the  scaly  stamens,  and  dotiess  leaves)  through  Peganum^  which  is 
placed  here  chiefly  on  account  of  its  stipulate,  not  dotted,  opposite  leaves. 
With  SimarubacesB  it  agrees  in  the  attachment  of  the  stamens  at  the  back 
of  a  scale,  but  differs  in  the  short  styles.  Melianthus  is  an  anomalous  genus, 
which  by  some  authors  is  taken  as  the  type  of  a  distinct  Order  supposed 
to  have  its  nearest  relations  in  Geraniacefe  and  Sapindacese.  Zygophvlleae 
are  closely  related  to  Malpighiacese,  but  differ  in  their  glandleas  cfJjeei', 
scaly  stamens,  &c. 

DlstrllHitioii. — The  species  are  notveir  numerous,  and  are  chiefly  found 
in  the  warm  temperate  regions  of  the  globe.  ZggophyUum  and  Tribn^u* 
are  especially  characteristic  of  dry  regions  of  Egypt,  Arabia,  and  Scinde. 

Qualities  and  Uses. — The  so-called  gum-resin,  Guaiacum,  is  derived  from 
Gtiaiacum  officinale^  the  bark  and  wood  of  which  are  also  employed  as 
diaphoretic  and  sudorific  agents;  G.  sanctum  has  similar  properties.  The 
leaves  of  these  and  of  Porliera  are  used  in  place  of  soap  for  scouring 
in  the  West  Indies.  The  remarkably  hard  wood  called  Lignum  Vita  is 
derived  from  Guaincum  officinale  or  some  other  species ;  all  the  arborescent 
plants  of  this  Order  have  extremely  hard  wood.  The  flowers  of  7Ajgo- 
phyUum  Fabago  are  used  in  the  East  for  pickles,  under  the  name  of  Bean- 
capers.  The  seeds  of  Peganum  Harmaia  are  used  as  spice  in  Turkey,  and 
also  in  the  production  of  the  celebrated  Turkey-red  dye  for  cotton.  Larrea 
mexicana  is  knovm  by  the  name  of  the  Creasote^plant.  ZygophjUutn 
simplex  has  a  very  bad  odour. 

EUTACE^.    The  Rue  Obdeb. 

Series  Disciflorss  ;  Coh,  Geraniales,  Benth,  et  Hook, 

Diagnosis. — Herbs,  shrubs,  or  trees  with  simple  or  compound  exstipH- 
late  leaves,  dotted  with  transparent  glands  containing  aromatic  or  acrid 
oil ;  flowers  regular,  d-5-merous ;  the  stamens  equal  to  or  twice  as  many 
as  the  sepals  ;  the  2-^  pistils  separate  or  combined  into  a  compound  orary 
with  as  many  cells,  sessile  or  raised  on  a  prolongation  or  the  recep- 
tacle (gynophore)  or  glandular  disk;  style  simple,  or  divided  below; 
fruit  with  the  carpels  either  coherent  or  separating  and  bursting  bv  one 
or  both  sutures ;  seeds  in  nairj  or  solitary  ;  perispeinn  present  or  ab^nt, 
radicle  superior. — Illustrative  Genera :  Gaiipea,  Aubl. ;  Tieorea,  Aubl. ; 
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Banma^  Smith;  ^^osUmML  Smitli;   Corrta^  Smith;  Diotma^  L. ;  Ba* 
Willd. ;  Dietamntu,  L. ;  ButOf  Tournef. 


ko, — This  large  Order  is  sometimes  divided  into  two,  Rutaceas 
ind  DicNBiiiete,  the  latter  including  the  greater  part  of  the  genera ;  but  the 
distinctioiia  seem  insufficient — the  Baroniea,  which  have  the  separable 
tidiiCMrp  supposed  to  be  characteristic  of  Diosmea,  having  perispermic 
ited3  like  Mttea,  Bentham  and  Hooker  make  the  order  a  very  compre* 
liOi^Te  one  by  including  the  following  as  tribes : — 1.  CuspariesB,  2.  Ruteffi, 
•I  IHoamefle,  4.  Boronieae,  5.  Xanthoxyle®,  6.  Toddaliess,  7.  Aurantieee 
,  st^  ante,  p^  235).  Most  of  these  are  separately  treated  in  the  present  work, 
a?  being  more  readily  understood  by  beginners.  The  Order  is  connected 
with  ZygophyllacesB  by  Peganum ;  it  is  related  also  to  XanthoxylacesB, 
wkich  are  perhaps  merely  polygamous  RutacesB.  There  is  also  an  affinity 
wTth  AuTBntiaceeB  (which  difrer,  however,  in  the  fruit),  and  with  Ana- 
rtniiaceae.  Correa,  with  its  monopetalous  corolla,  seems  to  approach 
EricaeeSy  to  which  the  Boroniere  have  much  resemblance  in  habit  From 
^imarabacefi  and  Terebinthaceas  Rutals  diif  er  in  their  glandular  leaves 
«r^i  in  the  nature  of  the  fruit. 

Otatribfitloii. — JRuta  and  its  allies  are  found  chiefly  in  Europe  and 
North  Aaia;  Diosma,  Baroema,  &c  at  the  Cape  of  Good  Hope ;  Boroma, 
Enodemon^  &c.  in  Australia ;  and  GaUpea,  JStenbeckia,  and  their  related 
l^era  m  Equinoctial  America. 

QmUiim  and  Usei. — Generally  remarkable  for  a  strong  aromatic  or  foetid 
^^Nir,  and  possessing  antispasmodic  and  tonic  properties.  Angostura 
^k  is  derived  from  GaUpea  offieinalitj  and  apparently  from  G,  Ctuparia 
iBemaUmdiairi/olUUd);  Melambo  bark  probably  from  some  allied  plant 
T^e  baric  of  Etenheckia  febrifuga  is  used  in  place  of  Cinchona  in  Brazil ; 
^  that  of  Tic0rea  fdnifuga  is  another  of  the  '^  Quinas  "  of  BraziL  The 
fiocku  plants  of  South  Afnca  are  species  of  Barosma,  Diosma,  and  their 
sIHes;  tlieir  foliage,  which  is  extremely  glandular,  has  a  very  strong 
gdrior ;  and  2).  crenatOj  aerroHfolia,  and  others  are  used  as  antispasmodic 
tod  diuretic  agents.  The  leaves  and  unripe  fruits  of  Rue  (Buta  graveo" 
^^  are  antispasmodiCi  and  are  also  said  to  be  emmenagogue  and  anthel- 
static :  B.  moniana  is  acrid ;  and  its  juice  is  described  as  vesicating  the 
\vi,  and  even  producing  eiysipelas  and  ulceration.  The  leaves  of  Conea 
a%a  aod  other  species  are  used  by  the  settlers  in  Australia  for  Tea.  Many  of 
ti^  Rutaceas  are  favourite  greenhouse  plants,  such  as  Boronia,  JEriostemon, 
ic  IHetamnus  FraxineUa^  a  South-Luropean  plant,  common  in  our  gar- 
<ieiia,  is  very  glandular,  and  it  is  said  that  the  volatile  oil  renders  the  atmo- 
^ere  about  the  plant  inflammable  in  very  hot  weather.  This  account 
i^oiree  confirmation.  These  glsjidular  plants  are  of  course  very  inflam- 
naUe  in  themselves.  The  root  of  Todaalia  aculeaia  is  used  in  India  as 
to  aromatic. 

XANTHOXYLACiLE  are  trees  or  shrubs  with  alternate  or  opposite, 
exAipulate,  simple  or  compound,  dotted  leaves,  and  flowers  resembling 
those  of  RutacesB  in  almost  every  respect,  except  that  they  are  constantly 
polygamous,  and  sometimes  have  succulent  fruit;  seeds  perispermic.- - 
ILiistiative  Genera :  XanthoxyUm,  Kunth ;  IHelea,  L. 

Alliiilttes,  9btt — ^The  Xanthoxylacesd  are  united  by  some  authors  vrith  tho 
BataceflB ;  their  more  remote  relations  are  with  Aurantiaceae  and  Ani^ 
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cardiace®,  which,  howeyer,  not  only  differ  in  their  fruits,  bat  their  Feeds 
have  no  perisperm.  There  is  a  considerable  affinity  to  the  Euphorbiacee 
and  to  Jn^axinus  among  the  Oleacese,  Ptelea  having  even  a  samaioid  frait 

Dlstrltmtioii. — The  species  are  not  very  numerous,  and  are  generaU? 
distributed,  but  are  most  abundant  in  America. 

QualltleB  and  Ubos. — Pungent  and  aromatic.  XmUhoxyUmy  a  genus  re- 
presented in  North  and  South  America,  as  well  as  in  India,  China,  &c., 
eminently  possesses  these  characters,  its  species  being  commonlj  called 
Peppers  in  their  native  countries.  X,  Clara  Bnd  Jraxineum  (Norfli  Ame- 
rica) are  powerful  diaphoretics  and  sudorifics ;  X,  nitidttm  (China)  has 
a  similar  reputation ;  X  hyemale  (Brazil),  X.  piperitum  (China),  &c.  are 
analogous.  The  unripe  capsules  of  X.  Hhetm  are  aromatic,  resembling 
orange-peel.  The  fruit  of  Ptelea  has  a  strong  aromatic  bitter  taste,  and 
has  been  used  as  a  substitute  for  hops. 

SMARUBACE^  are  trees  or  shrubs  with  alternate  exstipulate  leaves, 
without  dots,  usually  compound ;  flowers  diclinous  or  polygamous ;  cnlyi 
and  corolla  4-6-merous ;  stamens  8-10,  emerging  from  an  hypogynous  disk, 
filaments  usuallj^  with  a  scale  at  the  back ;  anthers  bursting  longitudi- 
nally; ovary  stipitate,  4-5-lobed,*  fruit  of  4-6  indehiscent  drupes  round 
a  common  receptacle,  or  capsular  or  samaroid,  with  1  pendulous  aperi- 
spermic  seed  in  each  compartment. — Illustrative  Genera :  QtMUSia,  L. ; 
oimaruba,  Aubl. ;  Ailanthiis,  Desf. 

AfllnitlM,  fto. — Belonging  to  the  Kutaceous  group,  these  plants  are  most 
closely  allied  to  the  ZygopnyllacesB  by  the  stamens  and  dotless  leaves,  tn 
the  OchnacesB  by  the  deeply  lobed  ovary, — difiering  from  the  former  in 
the  structure  of  the  fruit  and  the  nmnber  of  aeeOB  in  a  cell,  from  the 
latter  by  the  absence  of  a  large  disk  and  the  dehiscence  of  the  stamena. 

Dlstritmtion. — A  small  Order,  the  members  of  which  inhabit  South 
America,  Africa,  the  East  Indies,  and  the  Malay  archipelago.  Cneontm 
occurs  in  the  Mediterranean  district. 

Qualities  and  UeeSi — The  most  striking  property  is  great  bitterness* 
whence  they  are  used  as  tonics.  Quassia  or  Bitterwood,  used  as  a  tonic, 
as  a  fly-poison,  and  as  a  substitute  for  hops  in  beer,  is  derived  from  thi3 
family.  Quassia  amara  (Surinam^  is  stated  to  be  the  true  plant ;  but 
Picrasma  or  Picrctna  excelsa  yielos  the  wood  usually  imported.  The 
bark  of  the  root  of  Sitnarttba  anutra  is  used  in  the  same  manner.  Brvcea 
antidysenterica  has  similar  qualities,  and  was  formerly  mistakenly  supposed 
to  be  the  source  of  false  Angostura  bark.  Simaba  Uedron  has  a  reputation 
for  curing  snake-bites ;  but  recent  experiments  throw  doubt  on  this.  Ai- 
lanihus  glandtdosaf  the  *^  tree  of  heaven,'*  is  commonly  grown  for  oinament 
in  this  country ;  its  leaves  aflbrd  nutriment  to  a  species  of  silkworm. 

OcHNACEiB  are  scarcely  separable  from  Simarubacefe  ;  but  the  otstt  is 
composed  of  carpels  seated  on  a  large  fleshy  disk  instead  of  upon  a  stipe,  the 
elongated  anthers  often  open  by  pores,  and  the  simple  leaves  are  without 
stipmes.  The  thick  gynophore  of  this  Order  affords  a  close  connexion 
between  Rutaceao  and  Oeraniaceae.  The  properties  are  similar  to  those 
of  Simarubacew. 

CoBiARTRiB  is  the  name  applied  to  a  smaU  group  of  plants  belonging 
to  one  genus,  Cortoruz,  of  obscure  affinities,  placed  m  this  neighbourhood 
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1>7  Landlej,  bat  differing  from  most  of  the  Rutalea  in  their  penduloos 
o^^nled  -with  dorsal  raphe.  In  some  respects  they  approach  PhytolacctB 
and  IV^opmoka, — These  phmts  have  dangerous  properties.  Of  C.  murti/oUa 
tbie  l^avea^  which  are  sometimes  used  to  adulterate  Senna,  are  said  to  pro- 
dcce  tetuuis ;  the  berries  are  poiRonous.  The  fruits  of  other  species  are 
aaid.  to  be  edible,  but  the  seeas  poisonous.  C.  myrtifoUa  and  ruscifolia 
are  uaed  in  djeing,  infusion  of  the  leaves  giving  a  dark  blue  with  sulphate 

PITTOSPORACR/E  are  trees  or  shrubs,  often  climbing  plants,  with 
alternate  exstipulate  leaves ;  flowers  regular ;  calyx  and  corolla  4-5-merou8y 
imbricited,  deciduous ;  stamens  5,  hypogynous,  alternate  with  the  petals, 
openiiig  longitudinally  or  by  apical  pores ;  ovary  free,  2-celled  and  some- 
*•"— ^  with  2-3  imperfect  cells ;  style  single,  stigmas  equid  to  the  pla- 
;  ovules  horizontal  or  ascending,  anatropous;  seeds  numerous; 
— hfrjo  minute,  in  fleshy  perisperm.— -Illustrative  Genera:  JPiUoeporum, 
Solaad. ;  SaUya,  LindL  ;  BtUardiera,  Smith. 

Aflhrftiiw,  *o. — ^A  small  Order,  placed  by  DeCandolle  between  Polyga- 
Ifteese  and  Frankeniacess,  by  A.  Kichard  near  Kutaceae,  by  Endlicher  in 
thjt  ne^hbourhood  of  Hhamnacess.  Lindley  regards  them  as  near  Vitacese. 
From  TremandraceiB  and  Olacaceas  they  differ  in  their  imbricate  sepals 
and  petals  and  their  numeroua  ovules.  In  other  points  the^  resemble 
Orlsstiineie,  but  they  have  no  disk  and  no  aril.  Decai&ne  points  out  an 
aiSnity  with  some  ^micads,  as  Ledum.  The  plants  are  chiefly  from  Aus- 
tralia; the  berries  of  BUlardiera  are  eaten,  having  a  pleasant  acid  flavour ; 
bat  a  resinous  quality  pervades  the  whole  Order.  Some  of  the  species 
aje  cultivated  on  account  of  their  flowers  and  coloured  berries,  as  SoUyUj 
•BUkardieraf  &c 

VITACEjE.    Vines. 
Series  Disciflone ;  Coh.  Oelastrales,  Benth,  et  Hook, 

DiagnotM. — Shrubs  with  a  watery  juice,  usually  climbing  by  tendrils, 
pbced  opposite  the  leaves,  with  small  regular  flowers,  a  minute  truncated 
olvz  with  the  limb  mostly  obsolete ;  stamens  as  many  as  the  valvate 
petals,  and  superposed  to  them,  springpng  from  a  disk  surrounding  the 
oTaiT.  Fruit  succulent:  seeds  bony:  perisperm  hard. — ^Illustrative  Genera : 
r<i,L.;«m«mtt«.;Bluin.      ''*"*" 

AfBBtttoa,*e. — ^The  relations  of  this  Order,  sometimes  called  AmpelidesB, 
ne  somewhat  complex ;  a  portion  of  the  plants  are  related  to  Meliacece, 
Cela8l7ineaB,and  Khamnacece ;  but  the  nearest  connexion  would  appear 
to  be  to  the  epigynous  Order  AraliscesD,  especially  through  the  Ivy, 
Hedera,  The  cnaracters  of  the  group,  however,  are  very  distinct,  in  the 
farpogynous  stamens  superposed  to  tne  petals,  and  the  climbing  habit. 
The  superposition  of  the  stamens  to  the  petals  is  due  to  the  abortion  of 
fire  antisepaloua  stamens,  which  are  sometimes  represented  by  five  glands 
of  the  disk.  The  tendrils  by  which  the  stems  climb  are  flower-branches, 
often  exhibiting  a  few  nodules  representing  abortive  flowers.  They  are 
extaaxillary,  and  are  considered  by  some  to  be  terminal  buds  deflexed, 
by  others  as  formed  by  a  partition  of  the  growing  point,  one  division 

b2 
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fonning  the  tendril,  the  other  the  shoot  In  AmpehpgU  Dutailly  thinki 
the  tendril  is  an  axillary  bud  which  remains  attached  to  the  stem,  elon- 
gates with  it,  and  ultimately  separates  from  it  some  distance  above  the 
axil  in  which  it  originates.  In  some  cultivated  Vines  the  secsds  are  con- 
stantly suppressed,  while  the  fruit  is  perfected,  as  in  the  varieties  yielding 
the  Sultana  raisins  and  the  Zante  grape  or ''  Currant."  Pieruitnthe*j  S\ 
Jaran  plant,  has  a  very  extraordinary  structure :  its  numerous  barren  and, 
fertile  tiowers  are  developed  on  a  very  large  foliaceous  peduncle  having 
the  form  of  a  number  of  divergent  plates  set  edgewise  at  the  end  of  a  long 
slender  stalk ;  the  fertile  flowers  and  berries  are  sessile  on  both  surfaces 
of  the  laminee,  the  edses  being  fringed  with  stalked  barren  fioivers.  The 
separation  of  the  petals  at  their  ba^s,  remaining  coherent  above  so  as  to 
form  little  5-rayed  stars,  is  worthy  of  notice  in  this  Order.  The  species 
of  AmpelopsiSf  Jtnown  as  "  Virginia  Creepers,"  exhibit  some  interesting 
phenomena,  viz.  the  assumption  of  a  crimson  colour  by  the  foliagt^  in 
autumn,  and  the  adaptation  of  their  tendrils  to  form  organs  of  attachment 
to  walls :  the  points  of  the  tendrils  are  negatively  heliotrophic,  and  in- 
sinuate themselves  into  little  holes  and  cracks,  especially  in  brickwork, 
and  then  expand  inside  the  cavities  so  as  to  fix  themselves  as  the  stone 
masons  fix  their  *'  lewis/'  or  key,  into  large  blocks  of  stone. 

Dlatrllratlom — The  genus  V^,  including  Ampelopsis  and  dsms,  con- 
tains a  larffe  number  of  species,  natives  for  the  most  part  of  tropical  and 
subtropical  regibns.  The  remaining  genera  have  only  a  very  few  repre- 
sentatives. The  Vine  (  Vitia  tinifera)  is  supposed  to  "be  a  native  of  the 
shores  of  the  Caspian ;  but  it  has  run  wild  in  South  Europe,  and  is  culti- 
vated all  over  the  world  where  the  temperature  is  not  too  low  or  too 
high :  in  the  last  case  it  runs  away  to  leaf  and  does  not  produce  fruit. 
The  stems  and  roots  of  some  of  the  Cissi  in  the  East  Indies  are  infested 
by  the  parasitical  RafflesiacesB  and  Bfidanophoracese.  In  a  fossil  state 
they  have  been  found  in  Miocene  as  well  as  in  more  recent  deposits. 

Qualities  and  Uses. — The  properties  of  the  Vine  (  Viiin  vmifera),  with 
its  innumerable  varieties,  are  universally  known ;  the  Fox-grapes  ( Viti* 
vulpina  and  Lahrusca)  of  North  America  have  similar  properties  when 
cultivated,  but  are  inferior.  The  berries  of  the  Cum  are  acrid ;  some  vi^W 
a  colouring- matter.  The  sap  of  the  stems  and  leaves  generally  of  the  Order 
is  sour,  containing  tartaric  acid. 

Series  2.  Caltciflobje. 

Flowere  usually  with  a  calyx  and  corolla ;  the  petals  distinct, 
springing  from  the  calyx  or  from  a  perigynous  disk ;  the  ettajaens 
perigynous  or  epigynous. 

Bzoopttomi,  Ac — ^The  character  of  this  Subclass,  founded  on  the  iiaeiiJon 
of  the  petals  and  stamens  upon  the  calyx,  is  very  artificial,  and  is  liable  to 
exception  in  certain  genera  of  Orders  referable  here.  On  the  other  hand,  it 
is  met  with  exceptionally  in  Thalamifloral  Orders ;  and  many  casee  occur 
where  the  conditions  are  difficult  to  ascertain.  Moreover  it  causes  the  w- 
paration  of  very  natural  groups  of  Orders,  such  as  the  removal  of  ADaca^ 
diacesB,  which  has  both  hypogynobs  and  perigynous  genera,  from  the  Sub- 
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ckos  which  indades  the  Rutaces,  in  accordance  with  the  structure  of  the 
aajont]r.  Bentham  and  Hooker,  apparently  with  a  view  to  remove  some 
of  these  anomalies,  hare  proposed  a  subclass  or  series  which  they  call 
IHsdflone,  the  most  important  character  of  which  consists  in  the  presence 
dli  luge  disk  or  expansion  of  the  receptacle  attached  to  the  calyx  or  to 
&e  ovaiTy  and  from  which  the  petals  ana  stamens  spring ;  it  thus  mcludes 
some  puilami floral  and  some  Oalycifloral  Orders  (including  the  Orders 
enoprued  in  the  cohorts  Geraniales,  Olacales,  Oelastrales,  and  Sapindales). 
Tiie  sepanition  of  the  Perigynous  from  the  Epigynous  Orders  is  rendered 
iaipmcticable  by  the  occurrence  of  the  two  conditions  in  one  Order,  as  in 
i> — ^^      United  petals  occur  in  some  exceptional  cases,  as  in  Cucurbi- 


CELASTEACEJE.    The  Spiitdlb-thee  Obdee. 

Series  Disciflorte ;  CbA.  Celastrales,  Benth.  et  Hook, 

Diagnosis, — Shrubs  with  simple,  mostly  alternate  leaves,  and  with  small 
ieddttous  stipules ;  small  regular  flowers,  the  4-5  sepals  and  petals  im- 
bricated in  aestivation ;  stamens  as  many  as  the  petaln  and  alternate  with 
titeoi,  inserted  on  a  disk  filling  up  the  bottom  of  the  calyx ;  seeds  mostly 
irilktey  perispermic — ^Illustrative  Genera :  Buowymui,  Toumef ;  CeUutruBf 
Kanth ;   CaUta,  Forsk. ;  EUtodendrtm,  Jaoq. 

aadMm,  Acb — Related  to  Khamnacess,  differing  in  the  imbricated  calyx 
cid  the  stamens  alternating  with  the  petals.  Aquifoliacese,  a  sympe- 
Ukns  Order,  is  very  nearly  allied ;  but  the  Gelastraceas  appear  to  have 
dnaer  relations  with  some  Thalamifloral  Orders,  such  as  Malpighiacefe 
throoffh  Hippocrateaceas.  The  fleshv  coat  of  the  seed  of  Etwnymus  is 
described  by  Planchon  as  an  anUode  or  false  arillus,  arising  fi-om  the 
loar^  of  the  micropyle. 

INiUlliutlaii. — A  large  Order,  the  species  of  which  are  generally  dif^ised, 
bat  more  abundant  outside  the  tropics. 

QnalHlsa  and  Uses. — More  or  less  acrid,  with  oily  seeds.  Euonymus 
nroptemSy  the  common  Spindle-tree  of  our  hedges,  is  used  for  gunpowder- 
chanroal.  The  inner  bark  of  £,  tingeM  is  US4^  in  dveing ;  the  seeds  of 
£  tm-opoMB  are  said  to  be  purgative  and  emetic.  The  bark  of  Celagtrus 
tcandens  has  the  same  properties.  Catha  edulis  has  stimulant  properties, 
sod  the  leaves  are  largely  used  by  the  Arabs  under  the  name  oiKat.  The 
dntpaeeoua  fruits  of  iBkBodendron  Kuhu  are  eaten  at  the  Gape  of  Good 
Hope. 

Stackhousiackb  constitute  a  small  Order  of  Australian  plants  inter- 
mediate between  Celastraoeas  and  Euphorbiaceee  ;  their  corolla  is  sym- 
petalous. 

HiFPOCBATEACEJ^  which  have  hypogynous  petals  and  more  or  less 
qngynoos  stamens,  are  most  nearly  related  to  Gelastracese  (with  which, 
iadeed,  thev  are  combined  by  Bentham  and  Honker),  connecting  them 
with  Malpighiacese,  Aoeracese,  and  through  SUtphylea  with  Sapindaceos, 
&c.  They  are  chiefly  South-American  trees  or  climbing  shrubs,  some 
with  edible  fruit 
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Chailletiacejb  is  another  small  Order,  usuallT  placed  in  Uus 
bourhood)  but  with  obscure  affinities.  ChaitteUa  ioxiearia  has  a  poiaonoufi 
fruit,  called  HatVbane  at  Sierra  Leone. 

EHAMNACELS:.    Thb  Buckthobit  Order. 

Series  DiBciflur» ;  CoK  CelastraleSy  Benth,  et  Hook, 

Diagnosis. — Shrubs  or  small  trees  with  simple,  alternate,  stipulate,  or 
exstipulate  leaves ;  small  and  regular  flowers  (sometimes  apetalous)  ;  the 
4-^  perigynous  stamens  as  many  as  the  valvate  sepals,  and  alternate  ^with 
them  (superposed  to  the  petals  when  these  are  present) ;  disk  fleshy ;  oTary 
free  or  inferior ;  berry  or  |K)d  with  one  seed  in  each  cell,  penspermic, 
without  an  ariL — Illustrative  Genera:  VentHago;  Ftiliitrusj  Toumef. ; 
JRhamnus,  Juss. ;  Hovenia,  Thunb. ;  CoUetia ;  Gouattia, 

AfBnities,  ftc — The  RhamnacesB  are  clearly  distinguished  from  the  Celas- 
tracetie  by  the  position  of  the  stamens  before  the  petals.  The  calycifioral 
condition  of  their  stamens,  the  fleshy  disk,  and  the  separate  petals  indicate 
great  difierence  from  the  corollifloral  Order  Aquifoliacese,  also  formerly 
associated  with  them.  Brongniart  thinks  their  nearest  relations  are  to 
the  hypogynous  Byttneriace»  and  to  Euphorbiace».  Some  of  the  genera 
have  free,  others  adherent  ovaries. 

IHrtrlbatioii.— A  rather  large  Order,  the  species  of  which  are  generally 
diffused. 

Qoalitlea  and  Ums. — Some  acrid  and  purgative,  some  with  Utter  tonic 
properties,  others  with  edible  fruits.  Jihatnnus  includes  IL  eaOiarticus, 
the  Buckthorn,  from  the  berries  of  which  a  purgative  syrup  is  made,  also 
the  colour  termed  Sap-green.  The  dyeing  material  called  French  berries 
consists  of  the  unripe  berries  of  R,  infectoritis,  saxatilis,  and  amygdaUnns, 
Zizyphus  has  edible  fruit,  called  Jujubes  (Z.  vulgaris^  Z.  Jufuia,  &c.). 
The  charcoal  made  from  the  wood  of  It,  Frangula  is  used  for  gunpowder- 
making  under  the  name  Dog-wood.  Z.  Lotus  is  supposed  by  some  to  be 
the  Lotus  of  the  ancients,  edthough  others  think  this  was  NUrcaHa,  The 
peduncles  of  Hovenia  dvicis  enlarge  into  a  succulent  fruit,  eaten  in  China ; 
other  genera  also  furnish  edible  berries.  The  leaves  of  Ceanathus  ameri-' 
canus  are  consumed  as  New-Jersey  Tea,  and  those  of  SagertHa  tkeesans 
are  used  for  Tea  by  the  poorer  Chinese. 

ANACAEDIACEJE  or  TEEEBINTHACRZE. 

The  Sumaoh  Order. 
Series  DisciflorcB ;  CoA.  Sapindales,  BerUh,  et  Hook, 

Diagnosis, — Trees  or  shrubs  with  a  resinous  or  milky  acrid  juice;  dot- 
less  alternate  leaves,  and  small,  often  polygamous,  regular  flowers ;  calyx 
small,  usually  with  5,  sometimes  3-4  or  7  lobes,  persistent;  petals  equal 
in  number  to  the  lobes  of  the  calyx,  or  wantinff ;  stamens  the  same  num- 
ber or  double  or  more,  inserted  on  an  annular  fleshy  disk,  or  coherent  and 
perigynouB.    Ovary  single,  or  rarely  of  6  or  6  carpels,  superior  (rarely 
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isferior),  1-celled ;  style  1,  or  8  or  4,  sometimes  none ;  stigmas  twice  as 
SMBj ;  oTules  solitaiT;  on  a  long  funiculus.  Fruit  indehiscent,  commonly 
diufteeoas ;  seed  without  perisperm. — Ulustrative  Genera :  Tribe  1.  Ana- 
CARDOLs.  Oraty  1-cellea.  ICnu8j  L. ;  Melatwrrhea,  WalL  ;  SchinuSfLry 
Semtcarjmsy  L,     Tribe  2.  SpoNBiRiB.  Ovary  2-o-celled.    SpondicUj  L. 

AmMtUm,  Aou — ^The  prominent  differential  characters  of  this  order  reside 
m  the  solitary  ovule,  with  ventral  raphe  and  inferior  micropyle,  or  dorsal 
nobe  if  the  micropyle  be  superior.  This  Order  is  related  to  the  Xantho- 
xrWes  in  majiy  respects,  but  differs  in  the  structure  of  the  ovary  and 
i^^  From  the  Burseraceie  also  it  is  divided  by  the  same  characters, 
Aitliough  ^^Mm//i«M  connects  them  as  regards  the  fruit;  while  the  same 
pevmliaritied  relate  it  on  the  other  hand  to  certain  Connaracess,  Rosacese, 
tod  LeguminoesB. 

Dtatrifafatton. — A  large  Order,  the  species  of  which  are  chiefly  tropica]| 
dimmishiug  rapidly  beyond  the  tropics. 

Qnalftlea  and  Uses. — The  resinous  juice  of  these  plants  is  acrid,  or 
noleoUy-  irritating  and  poisonous;  it  often  becomes  black  in  drying. 
Sjoie  kinda,  however,  yield  edible,  and  even  valuable  fruits.  Anacardium 
^cadttUaie,  the  Cashew-nut,  is  remarkable  for  the  curious  fleshj  enlarge- 
Qirat  of  the  peduncle  supporting  the  nut ;  this  peduncle  is  edible^  as  is 
also  the  seed  when  roastea ;  but  the  pericarp  contains  acrid  volatile  oil. 
A.  ^m^Qsinous  juice  exudes  from  the  wood,  called  Gomme  d' Acajou, 
vhich  is  used  when  fresh  as  a  varnish.  Semecarpus  Anacardium,  the 
MAridng^nut,  Melanorrhea  usUatisnmaf  Stapnaria  vemici/ltta,  Itkus  vemixf 
at,  are  among  the  plants  furnishing  varnishes  used  in  the  East  Indies. 
Chixia,  and  Japan  for  lacquered  ware ;  their  juices  are  white  at  first,  and 
become  black  after  exposure  to  the  air.  Mastic  is  obtained  from  Pistacia 
'^oHtiea  and  P.  LetUiscuSf  Scio  turpentine  from  P.  TerebirUhus ;  the  fruit 
'U*  Pitiaeia  vera  is  the  Pistachio-nut,  highly  valued  in  Eastern  cookery. 
Moagifera  mdicOj  with  numerous  varieties,  yields  the  well-known  tropical 
<inipe  called  the  Mango.  The  Sumachs,  species  of  Rhtu^  are  acrid  and 
pcisonoiis,  affecting  some  constitutions  more  than  others,  and  sometimes 
podocing  violent  eiyaipelas  when  applied  to  the  skin.  R,  Toxicodendron 
Bthe  PoLsoQ-Oak  of  North  America;  R.  venenata,  the  Poison-Elder  or 
Poison-Sumach.  R.  typhina,  glabra,  and  Coriaria  have  acid  fruit  and 
astringent  bark,  used  in  tanning ;  R,  Cotinus  (which  is  sometimes  ^own 
in  our  shrubberies  under  the  name  of  the  Wig-plant,  from  the  hair-like 
nature  of  the  sterile  flower-stalks)  yields  the  dye-wood  called  Younff 
Fastic;  R.  Metopium,  the  Hog-gnm  of  Jamaica,  a  powerful  purgative  and 
emetie.  Spondias  purpurea  and  S,  Mombin  yield  succulent  fruits  eaten  in 
Eeazil  and  the  W.  Indies  under  the  name  of  Hog-plums ;  S.  Cyiherea  or 
dideit  i^ords  a  delicious  fruit  in  the  Society  Islands. 

Sabiackjb  are  a  small  Order  of  East-Indian  plants,  removed  by  recent 
tnthon  from  Anacardiaeesd,  where  they  were  formerly  placed  as  ano- 
maloos  forms.  They  are  remarkable  for  the  superposition  of  the  parts  of 
the  flower. 

GoiCiAAACBJB  form  an  Order  of  tropical  trees^  and  shrubs,  usually 
placed  near  Anacardiacess,  but  destitute  of  resinous  juice,  and  with  ortho-> 
tropotts  ovules ;  the  fruits  are  apocarpous  and  follicular.  They  are  also 
allied  to  the  Xant^oxylacees.    The  seeds  sometimes  have  an  aril ;  those 
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of  some  Bpecios  of  Omphalobntm  are  edible.  The  ZebnMVOod,  used  in 
cabinet- making,  is  stated  by  Schomburgk  to  be  the  produce  of  a  Guiaxia 
species  of  this  genas,  O.  Lamberti,  of  great  size. 

BURSERACE^.  The  Balsam  Order  consists  of  trees  or  shrubs 
abounding  in  balsam  or  resin,  with  alternate  or  opposite  compound  le^ires, 
sometimes  stipulate  and  dotted ;  flowers  perfect^  or  sometimes  diclinous 
by  abortion ;  calyx  persistent,  with  2-5  divisions ;  petals  and  stamens 
perigynous,  outsiie  a  perigynous  disk ;  ovary  l-5-c«lled,  superior,  sessile 
in  or  upon  the  disk ;  ovules  in  pairs ;  micropyle  superior ;  raphe  ventral ; 
fruit  dry,  1-5-celled,  often  splitting  into  valves;  seeds  aperispermic  ; 
cotyledons  plicate,  rarely  fiat — Illustrative  Oenera :  Botwwia,  Rozb. ; 
BaUamodendrony  Kunth ;  Canarntm,  L. ;  Amyrity  L. 

AfflnltiM,  fta — ^The  Buneracen  (or,  as  thev  are  sometimes  called,  Amy- 
ridaceae),  excepting  the  genus  Afnvrig  itself,  have  a  many-celled  fruit, 
which  forms  a  link  between  Anacardiacese  and  Aurantiacese ;  but  the  cdiell 
of  the  fruit  is  hard  here,  and  opens  by  valves.  Amyris  has  dotted  leaves. 
The  ovules  in  pairs  separate  them  from  Anacardiacese.  The  want  of 
scales  to  the  stamens  separates  them  from  Simarubese.  From  Rutale  they 
differ  in  their  aperispermic  embryo.  From  Aimmtiads  they  differ  in 
the  fruit. 

Distribution. — The  Order  consists  of  about  150  spedes,  distributed 
throughout  the  tropics  of  Asia,  Africa,  and  America. 

.    QoalltieB  and  Uses. — Fragrant  resinous  juices  are  the  chief  character- 
istics of  this  Order.     BostceUta  thuriferay^aribunda.  and  glabra  yield  the 
East-Indian  Olibanum  or  Frankincense ;  B,  papyrifera  (Abvssima)  yields 
a  similar  Olibanum,  and  has  a  remarkable  inner  bark,  capable  of  separa- 
tion into  sheets,  which  are  used  as  paper.   Balsamodendron  Myrrka  yields 
Oum  Mynrh ;  Bftlm  of  Mecca  is  produced  by  B,  OpclbalMmmn  and  B. 
yileadetui.    B.  Mftkul  yields  Googal,  or  Bdellium ;  JB.  pubesotnB  another 
balsam,  almost  soluble  m  water.    Amyris  hexandra  and  A.  IHumieri  yield 
Elerai ;  the  wood  of  A,  balsamifera  is  known  as  Lignum  Rhodium ;  the 
balsam  of  A.  toxifera  is  poisonous.   Idea  Icicariba  yields  Brazilian  Elemi, 
/.  Corona  American  Balm  of  Gilead ;  and  other  species  afford  similar  pro- 
ducts.    Elaphrium  tomerUomm  supplies  one  of  the  kinds  of  Tacamahaca, 
B,  elemiferum  Mexican  Elemi ;  ana  Oanarium  commune  furnishes  East« 
Indian  or  Manilla  Elemi.     Bursera  pa$iicuk(ta  (Mauritius^   is  called 
Bois  de  Oolophane,  giving  out  freely  when  wounded  an  oily  jmce  smelling 
like  turpentine ;  B.  gummifera  yields  Ghibou  resin,  B,  acuminata  Resin 
of  Oarana ;  Hedwigia  balsamiferay  Beaume  k  cochon,  used  as  a  substitute 
for  Copaiba.    The  wood  of  Icica  akissima  is  used  for  canoes  in  British 
Guiana,  under  the  name  of  Cedar*wood. 

LEGUMINOSJE.    The  Ptosb  Obdeb. 

Series  Calydfloree ;  CoA.  Rosales,  Benth,  et  Hock, 

Diagnosis, — Herbs,  shrubs,  or  trees,  with  irregular,  often  papilio- 
naceous or  regular  flowers ;  stamens  10  or  rarely  5,  or  sometimes 
indefinite,  diadelphous,  monadelphous,  or  distinct ;  pistil  simple, 
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free,  beaming  a  legume  or  lomeBtum ;  seeds  neually  ftperispermic ; 
tares  most)/  Alternate,  etipulate,  usuftlly  compoimd. 

Tial/twua  aanally  flat  or  convex.  Caltfx  more  or  less  deeply  5-fid, 
tbe  odd  lobe  in  front  or  next  the  bract ;  lobes  often  unequal  and 
Twionaly  combined.  Corolla :  petals  5,  or  4-0  by  BUppreBaion, 
springing  from  the  bottom  of  the  calyx,  papilionaceous  or  re- 
gular: the  odd  petal,  when  present,  posterior  (figs.  363,  366). 
Jiiameiu  definite  or  iodefinite,  springing  from  the  calyx,  rarely 
^Togynous,  distinct  OP  coherent  in  one  or  two  bundles  (9  +  1,  fig. 
3H7),  ot  rarely  in  three ;  anthers  opening  by  chinks  or  by  pores. 
ftmry  usually  solitary,  simple,  of  one  carpel  (very  rarely  2  or  5), 
l-celied,  1-,  2-,  or  many-seeded ;  style  and  stupna  simple  (fig. 
368).  Fruit :  a  legume,  lonientum,  or  rarely  a  drupe ;  seeds 
sttacbed  to  the  upper  (ventral)  suture,  1  or  many,  sometimes 
with  an  arillus  ;  embryo  without,  raxely  with  perisperm,  straight, 
w  with  the  radicle  folded  on  the  cotvledons. 


Fig.  862. 


Rr  m.  Coapcniid  1«*h.  tmntiutiBit  in  >  than  Iflidril,  ind  (tipnlM  of  B. 

^V&  TmpuiiMmonflim  eoroUit  of  Pp^ 

'V'lH,  lis  trpantcd  petal*:  a,millaiii;  h&,»l«;  e,«,(iuin«. 
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rig.  305. 


F)g.  W&  liifloT«H«D»,ailjT4Coro]lii.ftc.,  of : 


flower— tha  brw^irt 


F<g.  asa.  Stipiuu  »nj7,  ttjlt,  and  Migsu  of  Cbfutei. 

This  large  Order  ia  divided  into  three  Suborders,  which  are  dis- 
tioguished  by  the  following  cbarncterB  : — 

1.  Pamlioitack«.  Corolla  papilionaceous,  imbricated  in  the 
bud,  with  the  upper,  odd  petal,  called  the  standard  or 
"  vexillum,"  exterior. — 2,  C,«8Ajjinik«.  Corolla  imbricated 
in  [estivation,  the  odd  petal  with  its  edges  inside  the  lateral 
ones. — 3.  Mimosex.  Corolla  valvate  in  lestivatioD. 
The  typical  floral  formula  ia  |S5,  P 5,  A  5+5,  G 1,  but  much 
Tariation  from  it  occurs. 

This  vast  Order  is  further  subdivided  into  several  tribes,  the 
subdivisions  being  founded  on  the  degree  of  cohesion  of  tbe  sIb- 
mens,  the  nature  of  the  pod  and  cotyledons,  tbe  leaves,  habit,  Ac- 


Choroiems,  ZiAiU, 
LupinuB,  L. 
Lotus,  L, 
Trifolium,  Z. 


Illubtbativs  Gbnbba. 

1.  Pafiliomacbjb. 

Astrala^ia,  L. 
Pvaum,  L. 
Arachis,  L. 
Omitbopus,  L. 


Phaaeolos,  L- 
DalbergiajZ. 
Sophora,  L. 
Swartaia,  WWi. 


CAXTCIFLORX. 
2.  C.SSALPIN1BS, 

Tamarind  ua,  L, 
CopEdfem,  L. 


PuUk,  L.  I    MimoM,  L.  I    Inga,  TTtlU. 

AdeiwatherA,  L.  \     Acacia,  Willd.  \     Prosopis,  L. 

I  Hal  111  I,  «e. — ^Thifl  immense  Order  presents  very  considerable  yariety 
i  Etnietare  within  its  wide  limits ;  and  but  one  character  is  absolutely 

nodut,  the  pontion  of  the  sepals*       *   The  irregularity  of  the  corolla 

•^"ppMM  altogether  in  the  Mimoeea,  and  the  legume  is  eichsn^fed  for  a 
impe  in  Hetarium  and  Dipteryx:  this  csuses  a  near  approach  to  the 
llo«W9B ;  but  it  may  be  noticed  that  when  the  flower  ia  repiilar  the  fruit 
a  le)(aniiiiou3,  and  vice  vtrsd ;  and  the  anterior  position  of  the  odd  sepal 
•i  the  cslyx  is  an  unexceptional  character  of  this  Order.  The  CfB*alpime» 
liTe  the  papilionaceous  exchnnj^d  (or  a  spreading  iriugular  form,  or  the 
hrUlsare  suppressed.  In  Mtmotea  the  stamens  are  hvpoeynous.  The 
jtt  ttct  biin^  the  Order  closely  into  relation  with  the  Anacardiacese, 
^m  which  it  is  not  easy  te  distinguish  some  of  the  apetalous  Caialpiniem 

The  nngU  carpel  in  the  ovary  of  thLi  Order  is  almost  a  universal^  cha- 
I     ""rttr ;  two  carpels,  howeTer,  appear  to  bo  normally  present  in  Diphaca 


1^-389. 


Fig.  370. 


Fig.  371. 


E%.S72. 


T^MB.  Idfimwof -Knnk 


4lfl£UBe  pATtll 


Hd  Gmi^iMui  fft'j^na ;  a  double  ovary  sometimes  occurs  as  a  monstrosity 
in  Wt^aritt  ginenat,  io  GttdiUchia,axid.  in  the  French  beau  (Phaatolus); 
isi  t  J(nno«a  with  S  carpels  (thus  a  synunetrical  flower)  is  said  to  have 


^ 
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been  seen  by  St-Hilaire.  The  simple  legume  presents  a  great  variety  ot 
conditions,  both  of  form,  consistence,  and  dehiscence.  Its  normal  forxzi  i^ 
such  as  vre  see  in  the  garden  Pea  (fig.  369) ;  in  Colutea  (the  Bladder-Senna] 
it  is  inflated  and  membranous ;  in  AgtragaJus  the  dorsal  suture  tnms  it 
and  forms  a  false  septum  (fig.  372) ;  in  Phaca  it  is  spongy  or  fleshy ;  It 
many  cases  it  is  wooay ;  it  may  be  straight  or  curved,  or  even  spiiWll  j 
curled  (Medicaffo,  fig.  371) ;  in  the  lomentaceous  form  it  is  constricted  a^ 
intervals,  often  breaking  into  1-seeded  joints  Tfig.  370) ;  in  CatharUMMrjMH 
it  is  cylindrical ;  in  Detarivm  and  Dipteryx  the  1-seeded  ovary  deveiope 
a  bony  endocaxp  and  fleshy  epicarp,  and  becomes  a  drupe,  like  Y\s,  373. 
the  Almond.  The  dehiscence  is  equally  varied:  normally 
both  sutures  open  and  the  valves  separate ;  in  H€Bfnatoxyhn 
the  valves  adhere  at  the  sutures  and  split  in  the  middle.  In 
Carmichaelia  the  valves  separate  from  the  suture ;  in  Omt- 
thopuSj  &c.  the  lomentum  breaks  up,  and  the  pieces  either 
open  or  remain  indehiscent ;  in  Entada  the  lomentaceous  pod 
is  opened  by  the  valvep  separating  in  pieces.  In  Catharto- 
carpttSf  Arackis,  Tamarin^us,  and  other  cases  no  dehiscence 
occurs  at  all ;  and  in  Cathatiocarjni»  and  Tamarmdus  a  pulp 
is  formed  inside  the  leflrume. 

The  irritability  of  the  leaves  of  many  Leguminous  plants 
is  a  striking  characteristic:  it  is  most  remarkable  in  the 
HedyaaretBy  as  in  SmithiOf  Desmodiumf  &c.,  and  in  Mimosenf ; 
but  it  exists  in  a  lower  degree  very  commonly,  even  in  the 
Locust-tree  (HMnia  PseuSiMXcacia).  The  Acacias  are  no-  ^^^^^'iJ^a 
ticeable  for  the  phyllodial  petioles,  which  often  wholly  re-  ^flotrmtV 
place  the  leaves  (fig.  373).  Aaui^. 

Distribution. — ^The  Order  comprises  nearly  7000  species.  The  PapiJio- 
nace<B  sre  universally  distributed,  but  are  mest  abundant  in  warm  climates ; 
some  genera  are  widely  diflnsed,  others  almost  confined  to  particular  parts 
of  the  globe,  as  Australia,  North  or  South  America,  Gape  of  Good  Hope, 
&c.  The  CeBMlpiniea  and  Mimosea  are  chiefly  tropical ;  but  the  latter 
abound  beyond  this  limit  in  Australia.  Traces  of  Leguminous  plants  have 
been  observed  in  the  Lower  Eocene  and  more  recent  formations. 

Qualities  and  Uses. — ^This  Order  contains  a  vast  number  of  plants;  and 
amonp  them  there  is  an  exceeding  diversity  of  properties.  Those  with 
mild  juices  are  frequently  exceedingly  nutritious;  when  the  juices  are 
more  concentrated,  they  become  either  purgative  or  astringent,  and  some 
of  them  poisonous ;  the  poisonous  properties  occur  in  all  parts,  but  chiefly 
in  the  seeds  and  bark.  In  other  respects  they  furnish  most  valuable 
timber,  fibres,  gums,  dyes,  &c.  In  enumerating  some  of  the  most  im- 
portant plants,  it  wUl  be  best  to  take  them  under  the  heads  of  the  Sub- 
orders. 

1.  PapiUonacea, — A  large  proportion  of  the  common  fodder-plruits.such 
as  Olover  {Trifolwm)j  Lucem  and  Medic  {Medkago)^  Jlfe/tTo^tM^  Sain- 
foin (Onobrgchta),  &c.,  belong  to  this  Suborder ;  and  various  other  similar 
plants  are  in  use  in  foreign  countries,  such  as  species  of  AstragahSj  Cro- 
talariajuncfia,  Demiodium  diffumm,  Indigofera  enneaphytta,  &c.  The  seeds 
of  many  species  are  eaten,  constituting  the  various  Kinds  of  pulse ;  such 
as  Broad  Beans  (Faba),  Haricots  and  Scarlet-Runner  Beans  {FhamoUu), 
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Pets  (Pitmm^  Dolickoe),  Lentils,  (J^mim,  V%cia)f  Chick-peas  ((Xcer)^ 
P^fPMO-peaa  ( Cq/itnta),  Lupines.  &c.  The  roots  of  some  of  these  are 
ud  to  be  poisonous,  as  those  of  Phaseolus;  hut,  as  is  well  known,  the 
peficaipft  or  pods  are  eaten  hoiled  in  the  young  state.  Saccharine  matter 
«3dsCB  in  the  roots  of  Liquorice  ( Glycyrrkiza  glabra,  with  G.  eckxnaia  and 
^midiftrd) ;  a  kind  of  Mimna  is  ohtained  from  the  Camel-thorn  (Alhagi 
Umronan) ;  Ajdragoht^  glycyphyUus  has  a  sweet  juice.  The  tuherous 
itots  of  ZMiekoB  tuberostis  ana  bttlbositSf  ApioB,  Pueraria,  and  Lathyrua 
teierosHs  are  eaten  in  the  same  way  as  potatoes. 

Among^  the  purgative  species  are  Bladder-Senna  ( Colutea  arborescens), 
the  hiafiets  of  which  are  often  used  to  adulterate  true  Senna,  and  Coronilla 
Emenm  and  C  taria :  the  last  is  reputed  to  he  poisonous ;  various  species 
d  Gemata^  Oytimut  (Broom),  BMrnOy  &c.  are  diuretic  and  cathartic. 

The  well-known  astringent  substance  Kino  is  obtained  in  Africa  from 
ftenearjma  erinaeeu*,  in  the  East  Indies  from  P.  Marsupium,  Gum  Dragon 
aom  P.  I>raeOj  and  Red  Sandal-wood  from  P.  aantaUnus.  A  somewhat 
acdlar  sabatance  to  Kino  is  obtained  in  the  East  Indies  from  the  Dakh 
tRes  {BvAea  frondota  and  superbd).  Erythrina  m(»w»pertna  yields  Gum 
Uc  A  few  plants  of  this  Suboraer  yield  gum,  such  as  Tragacanth,  from 
Adragahta  varus,  creiicuSf  eristatusy  gummifer,  and  strohiUfenis, 

Dyes  are  obtained  from  many,  as  Indigo  from  Indiyofera  tinctoria, 
tofiltOj  argenUa,  and  probably  others,  and  from  Tepkrosia  ApoUmea  and 
Ahcr  species ;  Baptma  tmcUnria  gives  an  inferior  kind.  The  flowers  of  the 
BmUm  giTe  a  brilliant  orange-yeUow  colour ;  Sophorajaponica  furnishes 
f^w  ixoTD  the  pulp  of  its  po^ ;  Dyer's  broom  (  Genista  tinctorid)  gives 
a  rood  yellow  colour,  and  forms  a  green  with  Isatis,  Oil  is  furnished  by 
tW  seeds  of  the  Ground-nut  (Arachia  hypogted)  and  others. 

Ornamental  and  useful  timber  is  afibrded  by  some,  as  Rose-wood  (Paiis'' 
madra  of  the  French)  from  various  Brazilian  species  of  Triptolomea,  Itaka- 
vt)od  of  Guiana  {Macharium  Schondntrgki),  Laburnum-wood  (Cytiaua 
Idbarmtnn),  Locust  (^obmia  Ptaudo-acacia)  ;  Dalbergia  Siaaoo  and  other 
spcies,  and  Pterocarpua  da/bergioidaa,  are  highly  valued  in  the  East  Indies. 
( >ihen  furnish  fibrous  substances,  such  as  Crotalariajuncea,  yielding  Bengal 
H«mp. 

Lipieryx  odorata  (Tonka^bean)  and  D.  oieifera  (Eboe-nut)  are  used  in 
peTfameiy.  The  hairs  from  the  pods  of  Cowhage  (Mvcuna  prurtena)  were 
mmerly  Qsed  as  an  anthelmintic.  The  seeds  of  Aa^ragalua  baitcua  are 
la^  as  a  substitute  for  and  adulteration  of  coffee  in  Germany. 

The  distinctly  poisonous  plants  of  this  Suborder  are  numerous.    The 

f^ts  of  the  Scarlet-runner  bean  (Phaaeolua  muUiflorua)  and  other  species 

an  naiootie  poisons ;  also  the  seeds  of  Laburnum  ( Cytiaua  Labumurr, 

dpmua,  Ac),  those  of  Lathyrua  AphacOy  and,  it  is  saidf  (but  denied  by 

odian),  those  of  Abrua  precatoriua  (the  scarlet  seeds  with  a  black  patch, 

often  osed  as  beads),  Anagyriafoetiia,  Ervum  Eruilia,  &c.     Indigo  is  a 

Tiolsnt  poison ;  the  shoots  of  various  kinds  of  Tepkroaiaf  especially  T.  tooei" 

ffra^  are  used  to  poison  fish,  as  is  the  bark  of  Piacidia  Erythrina,  a  powerful 

Bsraotic.    Species  of  Geaffroya,  as  G,  vermifuga  and  apmulaaa,  ana  Andira 

rnnmi  and  retuaa,  having  drastic  purgative  and  emetic  barks,  are  acrid- 

Bsicotic  poisons  in  large  doses.  Gompnoiobium,  an  Australian  genus,  is  said 

to  pcnson  sheep.     Phyaoatigma  venenaaum  furnishes  the  poisonous  Calabar 

bean  used  as  an  ordeal  by  the  natives,  and  in  medicine  for  its  use  in 

eootzacting  the  pupil  of  the  eye.    It  acts  as  a  powerful  nervous  sedative. 
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2.  CtMalptnte€B, — This  Suborder  does  not  appear  to  have  any  deddedlr 
poisonous  properties ;  but  a  purgative  quality  is  very  common,  as  in  Senna. 
Cassia  obovata^  Senna  acutijoliaf  and  lanceouUa ;  C.  tnariUmdica  and  other 
North-American  species  have  similar  properties.  Cassia  or  Cathartoearfmi 
Fistfda  has  a  pur^tive  fruit ;  and  the  pulp  of  the  Tamarind  (Tanutniidm 
indica)  shares  this  quality.  Besides  the  Tamarind,  other  fruits,  leas  add« 
are  eaten,  as  the  Tamarind  Plum  (Dicdium  indicum)  and  the  Tamazicdj 
of  Sierra  Leone,  which  are  species  of  Codarium.  Carobs  or  Algarobs,  the 
legumes  of  CeratoniaSUiqua  (also  called  St.  John's,  or  the  Locust-tree), are 
used  for  feeding  horses  in  Spain,  and  have  recently  been  imported  for 
feeding  stock  in  this  country.  Oleditschia  triacanthoslyeexs  a  similar  fruit, 
called  m  North  America  the  Honey-locust ;  the  fruit  of  the  West-Indian 
Locust,  Hymenaa  CourharU,  is  somewhat  similar,  but  is  said  to  porge 
when  fresh  gathered  ;  a  kind  of  beer  is  made  from  it  by  decoction  and  fer- 
mentation.— Many  Ceesalpiniea  have  bitter  and  astringent  properties,  and 
are  sometimes  used  in  medicine,  several  of  them  in  tanning  and  dye- 
ing, as  Divi  divi,  the  pods  of  C<esalpinia  Coriaria,  one  of  the  most  powerful 
of  known  astringents ;  the  bark  of  some  species  of  Bauhinia  and  Castia 
are  used  in  similar  ways. — The  dye-woods  are  important,  namely  Log- 
wood {Haematoxylon  campechianum),  Brazil-wood  or  Pemambuco-wood 
(Casalpinia  echinatOf  brasUiensiSy  and  other  species).  Cam-wood  or  Bar- 
wood  (Baphia  nitida),  &c.  The  West-Indian  Locust-tree  (Hymerun 
Courbaril),  the  Purple-heart  of  Guiana  (  Copaiferapubiflora  and  bractefda), 
Melanoxyhn  Brauena,  Epertta  falcata^  &c.  yield  very  hard  and  durabk 
timber.  The  size  of  some  of  the  Ceesalpineous  trees  of  the  South- Ame- 
rican forests  is  said  to  be  enormous,  as  much  as  84  feet  in  circumference 
at  the  base,  where  large  projecting  buttresses  occur,  and  60  feet  at  the 
commencement  of  the  clear  run  of  the  trunk. 

The  bark  of  Bauhinia  racemosa  and  pariiflora  is  used  for  cordage  in  the 
East  Indies.  Gum  is  yielded  by  several,  as  by  Bauhinia  retusa  and^.  evutr- 
ffviata  in  the  East  Indies,  and  Pithecohbium  gummiferum  in  BraziL  Anime 
resin  is  obtained  from  HymentBa  Courbaril ;  Mexican  Copal  probably  froQi 
an  allied  plant :  Brazilian  Copal  from  various  species  ot  this  genus,  and 
from  Trachyfobium  Martianum ;  Madagascar  Copal,  and  perhaps  that  (>f 
the  East  Indies  in  ^neral,  from  HymentBa  verrucosa.  Balsam  of  Copaiba 
is  derived  from  various  West-Indian  and  Brazilian  species  of  Copaifare : 
Balsam  of  Peru  from  Myroxylon  Pereira :  Balsam  of  Tolu  from  M,  tM- 
ferum,  Aloexylum  Ayaflochum  yields  one  kind  of  Eagle-  or  Aloes-wood, 
the  other  coming  from  an  Aquilofia. 

3.  Mimosea, — Mucilaginous  juices  concreting  into  gum  and  astringent 
properties  of  the  bark  are  the  most  striking  qualities  of  this  Suborder. 
Gum  Acacia  and  its  varieties  are  yielded  by  several  species  of  Acoaa." 
A.  Verek  and  Ad^msonii  (Gum  Senegal)  in  West  Africa,  A,  nHotica  and 
Seytd  (Gum  Arabic)  in  Nubia,  A.  arabica,  spinosa,  and  (  Vacheiiia)  Fame- 
siana  in  the  East  Indies,  A.  decui'renSf  moUissima,  and  affinis  in  Australia. 
The  bark  of  most  species  of  Acacia  is  very  astringent,  and  many  kinds  aiv 
used  for  tanning  in  India;  the  pods  of  ^.  nilotica  are  used  for  the  same 
purpose ;  and  the  astringent  substance  called  Catechu  is  obtained  by 
extraction  with  water  from  the  heart- wood  of  Acacia  Catechu,  Varioa* 
species  of  Ingay  Prosopis^  &c.  are  very  astringent.  Some  East-Indian 
Acacias  yield  valuable  timber ;  the  legumes  of  j±,  concitma  and  the  large 
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•eeds  of  jfiii^acb  I^irsatha  contain  a  saponifying  substance.  Some  kinds 
bf  Mtmtma  and  Prowpis  are  said  to  have  poisonous  properties.  Acacia 
zvioHty  of  Australia,  has  been  called  the  Poison-tree.  It  is  hardly  neces- 
ary  to  add  that  a  great  number  of  plants  from  all  these  Suborders  are 
ealtiTated  for  the  sake  of  their  beautiful  flowers. 

MoBoroAC££  form  a  very  anomalous  group  of  8  or  4  species  only, 

carked  by  the  following  characters : — ^Trees  with  2-^pinnate  leaves  and 

tliis  decidaous  stipules ;   flowers  irregular^  6-merous ;  sepals  and  petals 

p^^taloid;    stamens  8-10  on  a  disk  in  the  tube  of  the  calyx,  the  outer 

eatle  sometimes  sterile ;  anthers  1-celled ;  ovary  superior,  stalked,  1 -celled 

vith  3  parietal  many-ovuled  placentas ;  fruit  a  long  3-yalved  pod  with 

t^  se^La  in  the  middle  of  the  valves ;  seeds  without  perisperm.    The 

^edea  are  natives  of  Arabia  and  the  East  Indies,  and  have  generally  been 

P:^£9Ted  to  the  vicinity  of  the  Leguminosss,  principally  on  account  of  their 

p^rigynous  irregular  flowers,  pinnate  leaves,  and  pod-like  fruits.    The 

itnurtoiB  of  the  ovary  removes  them  widely  from  LeguminossB,  on  account 

(I  the  parietal  placentation,  since,  judging  from  Rosaceae,  the  occurrence 

•^  additional  carpels  in  Leguminosss  would  be  accompanied  by  an  apo- 

Cftrpona  condition,  or  at  least  by  azile  j^lacentas.   Diphaca  and  Casalpima 

st^yiui  (Leguminosas)  are  in  fact  described  as  having  2  legumes ;  but  the 

cioQictzoiis  n>rms  of  Gleditschia  referred  to  by  De  Candolle  are  said  to  have 

-  ooaleecent  carpels.    Hence  Lindley  places  this  Order  in  the  neighbour- 

bcod  of  Violaces,  and  conceives  that  it  approaches  PolygalacesB.    Others 

place  it  between  Capparids  and  Resedacese,   to  the  former  of  which 

jcdera  it  is  certainly  closely  allied.     The  root  of  Moringa  pierygosperma 

B  pungent  and  aromatic,  resembling  Horse-radish.    A  gum  like  Traga- 

ciiLth  exudes  frt>m  the  bark.    The  seeds  are  the  Ben-nuts ;  and  the  oil  of 

Ben  was  formerly  highly  esteemed  for  perfumery,  and  for  lubricating 

viktchwork,  on  account  of  its  comparative  freedom  from  easily-solidifying 

&tty  ingredients. 

EOSACE^.    The  Rose  Obdeb, 
Coh,  Resales,  Benth,  el  Hook. 

Diaffnosis. — ^Herbs,  shrubs,  or  trees  usually  with  alternate,  stipu- 
late leaves,  regular  bisexual  or  unisexual  flowers ;  numerous  (rarely 
few)  distinct  stamens  springing  from  the  calyx  ;  carpels  1  or  many, 
either  quite  distinct  or  coherent,  and  enclosed  in  the  tube  of  the 
receptacle;  seeds  (anatropous)  1  or  few  in  each  ovnry,  aperi- 
spermic ;  embryo  straight,  with  large  and  thick  cotyledons ;  leaves 
alternate,  stipulate. 

CTuiracter, 

Thalaimta  conyez,  elongated,  or  concave,  forming  a  tube  (calyx- 
tube,  receptacular  tube).  Calyx  synsepalous,  with  4-5  lobes, 
the  odd  lobe  posterior,  i,  e,  next  the  axis,  when  5  ;  sometimes 
with  an  epiooUyx.  Corolla :  petals  5,  distinct,  emerging  from  the 
calyx,  larelj  absent.    Stamens  deiinite  or  indefinite,  given  oE 
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with  the  petal:*.  Ovnrie*  apocarpous,  I-S,  or  5  or  nnownai, 
1  -celled,  eometimea  combined  together  in  the  excavated  receptede 
(fig,  374)  or  tube  of  the  calyx ;  ovule*  1  or  few ;  atyUt  Utenl 
(fig.  377)  or  terminal.  Prnit :  a  drupe,  an  achene,  or  a  dir  or 
succulent  et^erio  (figa.  375,  376),  or  a  cynarrhodon  or  a  pome 
(fig.  378);  tetda  1  or  more,  aperispermic ;  embryo  straight 
Fig.  376. 
^■374.  ^  Kg.S78. 


Ki.DIi.  aKtioBorUw  Bonn  of  ZOB, 

Tif.  SIS.  Dtj  einio  ot  Own,  wilfa  lev 

Ti%.  370-  Bfvtioa  of  meculnit  ttmtia  oh  nHtfa*. 

Fia.  377.  OnTT  of  Fnaaria  niUi  UtcnJ  itjle. 

Pi|t.  »7a.  Beobon  of  tbf  pom*  ot  .WitpUMi. 

tig.  il».  Oklji  of  |]i«  Bo-« :  thr.  Bsmbpn  indicnta  Ua  Hqaa 

lBi**rdl.  or  ft  oia  below  opirftrdA. 
Fig.  380.  Tmuicrog  Mdion  of  poms  of  Aiiplr,  ilioiriDf  th 


■  ivpeli  Inbeddid  >■  Ai 
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This  Order  is  rommonly  broken  up  into  several  smaller  Orders, 
which  we  shall  characterize  here  as  {Suborders. 

1.  Chrt80Bala)7£jE.  Trees  or  shrubs  with  free  stipules;  car- 
pel 1,  adherent  more  or  less  to  one  side  of  the  calyx-tube;  ovules 
2 ;  style  basilar ;  fruit  drupaceous  ;  seed  erect ;  radicle  inferior. — 
2.  D&upac£jE.  Trees  or  shrubs  with  free  stipules ;  carpel  1,  free ; 
i^tyle  terminal ;  fruit  a  drupe,  not  enclosed  in  the  tube  of  the 
flower,  which  is  deciduous ;  seeds  suspended. — 3.  Poheje.  Trees 
or  shrubs  with  free  stipules;  carpels  1-5,  more  or  less  united 
toother  and  with  the  sides  of  the  flower-tube ;  styles  terminal ; 
fruit  a  pome,  1-5-celled  or  spuriously  10-celled,  with  a  crustaceous 
f*Mrr.  or  bony  stones  (fig.  375) ;  seeds  ascending. — -4.  Eose^e.  Shrubs 
or  herbs  with  adnate  stipules  ;  carpels  free  from  the  flower-tube,  1 
or  many,  1 -celled,  sometimes  cohering ;  styles  lateral ;  fruit  usually 
formed  of  an  assemblage  of  dry  achenes,  small  drupes,  or  dehiscent 
«-*\eral-8eeded  follicles  ;  sead  suspended,  rarely  ascending;  radicle 
saperior. — 5.  BANGUisoBBiE.  Herbs  or  undershrubs,  apetalous, 
often  diclinous;  carpel  1,  enclosed  in  the  flower-tube;  style  from 
the  summit  or  base ;  fruit  an  achene,  surrounded  by  the  persistent 
tube  of  the  flower ;  seed  1,  suspended  or  ascending. 

Illustrative  Genera. 

L  CenTSOBALANE^.  CJirywbalanuSy  L. — II.  Amyodalk-k,  or  Dbu- 
packje.  Pnmusj  L. — III.  PojknsJE.  Fi/ruSf  Lindl. — IV.  Koseje.  1.  Ro- 
SID.S.  Flower^tube  fleshy,  enclosing  the  achenes :  Rosa,  Toiu*nef.  2. 
r(iTRNTiLLii)^.  FloweT-tuhe  herbaceous ;  fruit  an  etserio :  Rubus,  L. ; 
Fragaria,  L. ;  PotentiUa,  L.  3.  Spir^ld^.  Flower-tube  herbaceous; 
fruit  a  rinff  of  follicles ;  seeds  not  winged :  8p%r<Ba,  L.  4.  Quillai^. 
Flower-tube  herbaceous ;  fruit  capsular;  seed  winged :  Qxiillaia^  Mol. 
'K  Neurade^.  Flower- tube  adherinor  to  a  ring  of  10  carpek ;  seed  pen- 
<luloiLs:  Xeurada,  L. — V.  Sanouisorbe^.  Aicheniillu,  l!owme{. ;  I'o- 
ttriftm,  la, 

^m^M^^  1^ — ^Typicsl  formula  |S  5  P  6  Aoo  G  l-oo .    Closely  allied  to 
Ije^minofiffi  ;  and,  indeed,  the  only  constant  point  of  difference  consists  in 
the  position  of  the  odd  sep.il — posterior  in  KosacesB,  anterior  in  Legunii- 
noes.   The  Chrysohalanea  may  be  regarded  as  forming  a  link  between  the 
Leguminosae  and  the  Drupace€Bf  touching  that  Order  especially  in  its 
dnipAceous  genera  and  those  with  a  laterally  adherent  calyx.    The  Dru- 
pacta  have  some  affinity  also  to  Anacardiacese ;  Pomea  again  connects 
the  Order  with  the  epigynous  fiimilies,  especially  HyrtacesB,  through 
Pumica.    Rosea  resemble  Pumea  in  many  respects,  but  their  affinities  go 
out  in  other  directions ;  CalycanthaceiB  should,  perhaps,  scarcely  be  sepa- 
rated from  them.     The  SpiriBteUe  very  much  resemble  some  Saxifragacesd 
(distiDguishable  by  their  perispermic  seeds) ;  and  the  PUentiUid/s  remind 
us  of  the  Ranunculacese  m  the  fruit  and  the  adnate  stipules,  which  some- 
times closely  approach  the  dilated  base  of  the  petiole  of  Ranunculus,  &c. ; 
hatRanimcolacesd  have  perispermand  usually  hypofi^ous  stamens,  though 
the  difference  in  some  genera  between  hypogynous  and  perigynous  po«»i- 

a 
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tion  of  the  stamens  is  almost  imperceptible.  Sanffuisorbeee  are  merely  & 
degraded  form  of  Rosece,  where  the  petals  and  one  or  other  set  of  essential 
organs  are  abortive  in  each  flower. 

Distribution. — There  are  about  a  thousand  species.  The  Chryaobakmea 
are  chiefly  found  in  tropical  America  and  Africa,  more  rarely  in  Asia :  the 
DrupacetB  are  mostly  natives  of  the  temperate  parts  of  the  Northt-rn 
Hemispliere)  but  are  widely  spread  in  cultivation ;  the  Pomets  also  belong 
to  the  r^orthem  Hemisphere ;  most  of  the  Rosea  and  SawfuisorbetB  belong 
to  temperate  and  cold  climates,  but  a  few  are  tropical. 

Qualities  and  Uses. — The  succulent  fruits  of  many  of  the  plants  form  tb^ 
most  striking  feature  of  this  Order.  Various  parts  of  the  structure,  but 
especitilly  the  seeds,  yield  much  hydrocyanic  acid  in  the  Suborders  Dm- 
pacea  and  Fbtnea.  'the  bark  and  root  of  almost  all  are  bitter  and  a^trin- 
gent,  owing  to  the  presence  of  tannin.  Drupacea  commonly  contain  % 
gum  (resembling  Gum  Arabic)  in  the  sap.  This  gum  is  t]be  result  of 
a  pathological  change  in  the  tissues. 

Most  of  the  Chn/sobaian€€B  have  stone-fruits ;  that  of  C.  Icaco  (West 
Indies)  is  eaten  under  the  name  of  Cocoa-plum. 

Among  the  Dtupacea:  we  have  the  fruits : — Almond  {Amygdalm  ef*m- 
munis)  ;  the  Peach  and  Nectarine  (A.persica);  the  Plum  in  aU  itavarietit^. 
such  as  Greengages,  Bullaces,  Damsons,  &c.  (lYunus  domestical  winosn, 
and  varieties) ;  the  Apricot  (Pitmua  anneniacd)  ;  the  Cherry  (Cerapff 
avium,  &c.).  Ceraaus  Lauro-cerasus  is  the  common  **  Laurel "  or  Cherrv- 
laurel  of  our  shrubberies,  C.  Iwdtanica  the  Portugal  Laurel.  Many  d 
these  plants  contain  a  considerable  quantity  of  amygdaline,  causing  the 
formation  of  prussic  acid  when  they  are  bruised.  This  gives  to  the  seeds 
of  the  Bitter  variety  of  Almond,  and  to  all  other  seeds  in  this  Suborder,  a 
poisonous  property,  which  exists  also  to  a  great  extent  in  the  leaves  and 
shoots  of  tne  u berry-laurel,  the  flowers  of  the  Almond,  Peach,  &c,  Tht? 
seeds  also  contain  a  fixed  oil,  which  may  be  obtained  by  expression ;  and 
that  of  the  Sweet  variety  of  the  Almond  is  devoid  of  amygdalitte,  and 
thus  harmless.  The  bark  of  Pnmus  serotina  is  used  medicinally  in  inter- 
mittent fevers.  Pomece  have  succulent  fruits,  such  as  the  Apple,  Peu 
{Pyrus  Malus  and  communis).  Quince  (Cydonia  vtdyaris).  Medlar  {Me*- 
pilus  germanica)y  &c.,  which  have  been  brought  into  the  edible  condition 
by  cultivation ;  when  wild,  they  are  mostly  austere,  like  those  of  the 
llawthom  {Crat€Byus),  of  the  Mountain  Ash  (I^/rus  AueupariaX  i^f- 
The  seeds  contain  amygdaline,  and  therefore  yield  prussic  acid  ;  as  dio  also 
the  flowers,  bark,  and  root  of  the  Mountun  Ash.  Quince-seeds  are 
valuable  for  the  mucilage  they  contain. 

The  Rosea  yield  edible  fruits,  such  as  the  Raspberry  and  Blackbenr 
{Rubus  idaus  And  fruticosus)  and  the  Strawberry  {F^ayarui  e/aftVw,  w«M. 
&c.).  The  petals  of  Hoses  yield  the  essential  oil  called  Otto  or  Attar  of 
Hoses.  Kousso  (^r(?f/e;ra  anM^/mtWtea)  is  used  as  a  vermifuge.  Most  of 
the  Rosea  have  astringent  bark  and  roots ;  some  are  unwholesome.  San- 
yuisorhea  have  astringent  properties  similar  to  Rosea,  Qtnilaia  contain 
in  their  bark  a  saponaceous  principle,  which  renders  them  useful  for 
cleaning  sUk  fabrics. 

Calycanthack^  form  a  small  Order,  consisting  of  shniba  with  oppo<ate 
entire  leaves,  without  stipules ;  sepahi  and  petals  similar  and  indelmite; 
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uthera  adnate  and  extrorse :  cotyledons  convolute ;  otherwise  like  Ko- 
**waB- — ^The  «)ecies  are  natives  of  North  America  and  Japan,  and  are 
chie^j  remarkable  for  the  peculiarity  of  their  floral  envelopes,  the 
cviouied  bracts  of  the  peduncle  passing  insensibly  or  undistinguishably 
into  the  caljji,  and  this  into  the  corolla ;  the  segments  of  both  spring 
trum  tt  Heahy  tube  supporting  the  stamens  and  surrounding  the  car- 
p^;  conToluted  cotyledons  are  only  found  in  one  Rosaceous  plant, 
( kamttmeleg  (Pomete^  but  are  characteristic  of  Combretaceae.  Calycanths 
itaad  between  the  iiosaceffi  and  the  Myrtacese,  and  have,  pernaps,  a 
cj»tant  resemblance  to  Magnoliacese,  like  that  of  Kosacese  to  Kanun- 
colaces.  fiaillon  places  them  with  Monimiads.  Their  wood  is  curious, 
tie  »tem  having  four  false  woody  axes  around  the  real  axis,  giving  the 
^'nn.  a  quadrangular  character.  '  The  chief  property  is  fragrance  of  the 
ll>.M»om.  Chimananthua  produces  yellow  fragrant  flowers  upon  the  leaf- 
.!«  blanches  during  the  winter.  Calycanthus  Jhridus  has  an  aromatic 
Wk. 

MTETACEiE.    The  Myrtle  Okdeb. 
Coh.  Myrtales,  Benih,  et  Hook, 

Duignosis, — Trees  or  shrubs  with  leaves  opposite  or  alternate, 
witire,  usually  dotted,  and  with  a  sub  marginal  vein;  flowers 
Usually  axillary,  regular,  polypetalous  or  apetalous ;  calyx  ad- 
Went,  4-5-cleft,  valvate  or  imbricate,  sometimes  falling  off  like  a 
ap;  petals  4-5,  imbricated;  stamens  8-10  or  numerous,  rarely 
^o,  distinct  or  polyadelphous ;  ovary  1-,  2-,  4-,  5-,  or  6-celled ; 
^yW  and  stigma  simple ;  placentas  axile ;  seeds  usually  indefinite, 
*perispermic ;  fruit  dry  or  succulent,  dehiscent  or  indehiscent. — 
Illustrative  Genera:  Tribe  1.  LEPTOSPERMEiE.  iVuit  capsular. 
^tlaUvLca^  L. ;  Eucalyptus^  Herit. ;  Metrosideros,  H.  Br. ;  Bceckia, 
L  Tribe  2.  MrRXEiE.  Jb  ruit  baccate.  Funica,  L. ;  Fsidium,  L. ; 
%»^iM,  Tournef . ;  Eugenia,  Michel. 

AiBnftiMy  9^ — ^This  Order  is  nearly  related  to  the  Kosacess  on  the  one 
{^Aod,  and  to  the  Melastomaceie,  Lythrace^,  and  Onagracese  on  the  other. 
The  Lecythidaceae,  the  ChamsBlauciacese,  and  some  other  smaller  Orders 
iBentioned  below  are  often  combined  with  the  Myrtaceas;  but  as  the 
plftats  belonging  to  them  are  less  interesting,  or  less* frequently  seen,  it  is 
ooQTenient  here  to  exclude  them,  in  order  to  retain  a  very  definite  character 
for  the  Myrtaceas  proper.  This  Order  is  generally  known  among  epigy- 
itoos  forms  by  the  vein  running  round  within  the  margin  of  the  simple, 
tDtire,  and  mostly  opposite  leaves,  uniting  with  the  midrib  at  the  end, 
together  with  the  transparent  glandular  dots  and  the  absence  of  stipules 
and  of  appendages  to  the  anthers.  The  fruit  of  Punica,  or  Pomegi'auate, 
i*  veiy  curious,  and  presents  unusual  conditions — a  double  circle  of  car- 
pels, which  by  the  mode  of  growth  of  the  excavated  receptacle  come  to 
be  placed  one  above  another,  so  as  to  present  two  tiers  ot  loculi  in  the 
&mt.  The  real  nature  of  the  structure  may  be  conceived  by  comparing  it 
with  the  Boae;,  and  by  supposing  the  achenes  of  the  latter  to  become 
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enlar^d  local!  containing  pulp.  Bentham  and  Hooker  pot  Uii«  ^mis 
into  Ljthraceae ;  but  its  amnities  seem  rather  with  Myrtles,  of  which  it 
forms  an  anomalous  genus.  * 

Distrilmtlon. — A  large  Order,  the  members  of  which  are  di6tril>iited 
throughout  tropical  and  subtropical  climates. 

Qualities  and  Uses. — Generally  aromatic  from  the  presence  of  a  Tolatile 
oil,  some  astringent,  and  others  yielding  gums  or  saccharine  juices.     The 
Myrte€B  are  remarkable  for  their  aromatic  properties :  thus  Caryoph^^v 
aromaticus  furnishes  the  Cloves  used  for  spice,  conmsting  of  the  dri^d 
unopened  flower-buds;  Eugenia  Pimenta  and  E,  acrisy  Allspice  or  Pimeoia 
consisting  of  the  dried  fruits :  the  buds  and  berries  of  the  common  Myitk 
were  used  in  a  similar  manner  by  the  ancients.    This  tribe  also  afford? 
excellent  fruits :  the  Guavas  are  yielded  by  species  of  Psidinm,  cfaiefir 
pomiferum  and  pyriferum  ;  the  Rose-apples  by  Eugenia  malaccenms.  Jam- 
bo8f  aquea,  &c. )  the  Pomegranate,  Punica  Granatum,  the  rind  of  which 
is  also  valuable  for  its  astringent  properties,  which  cause  it  to  be  used 
both  medicinally  and  for  tanning.  Among  the  Leptoitpermete,  the  Cajepot. 
{Melaleuca  Cajeputi)  is  well  known  for  its  acrid  volatile  oil,  obtained  bv 
distillation  from  the  leaves.     Metrosideros  is  a  genus  some  of  the  specif^ 
of  which  form  very  striking  features  in  the  vegetation  of  New  Zealand, 
M.  huxifoUa  and  other  species,  called  Aki,  Kata,  &c.,  overgrowing  treft?, 
like  the  Ficus  indica^  and  themselves  ultimately  becoming  exceedingly 
hard-wooded  trees.    The  Eucalypti  of  Australia  are  still  more  remarkable 
in  many  respects :  some  of  them  attain  a  height  of  200  feet  or  more,  and 
a  diameter  of  10  to  15,  rising  to  100  or  150  feet  clear  of  branches.     The 
bark  of  some  of  them  separate  in  fibrous  layers,  whence  they  have  derived 
the  common  name  of  Stringy-barks.     They  are  also  called  Gum-tre-es, 
from  containing  a  gummy  or  saccharine  sap,  occasionally  of  astrineeDt 
character.    E.  rohusta  secretes  a  red  gum  in  the  interior  of  the  trunk ; 
from  E.  mannifera  a  saccharine  substance  like  manna  is  obtained.    E 
Gunnii  vields,  when  tapped,  a  sweet  fluid,  which  is  fermented  into  * 
kind  of  Tbeer.     E.  remnijera  furnishes  an  astringent  substance  known  as 
Botany-Bay  Kino.    Other  speciee  also  contain  a  sufficient  quantity  of 
tannin  to  be  of  commercial  importance.    From  their  rapid  growth  tht*y 
have  been  introduced  with  good  effect  in  marshy  swamps  and  in  dry  hill- 
denuded  of  trees  in  the  South  of  Europe.     The  leaves  of  some  species  of 
Leptospermum  and  Melaleuca  are  used  for  Tea  in  the  Australian  colonies. 
Many  of  the  Myrtacese  are  cultivated  on  account  of  their  beauty.    Tl.e 
common  Myrtle,  a  native  of  Persia,  naturalized  in  Southern  Europe,  bear* 
our  winters,  and  flowers  out  of  doors  in  the  south-west  of  England.    It 
affords  many  beautiful  varieties  in  cultivation.   The  species  of  Metnmdtrtht^ 
Callistemonj  &c.,  sometimes  called  Bottle-brush  plants,  have  very  curioii'? 
and  showy  blossoms.    The  Pomegranate  flowers  and  fruits  in  sheltered 
places,  and  bears  a  very  brilliant  blossom. 

LECYTHIDACK2B  are  chiefly  distinguished  from  the  Myrtace®  (with 
which  they  are  united  by  Bentham)  by  the  dotless  foliage  and  the  hood- 
like petaloid  plate,  consisting  of  concrete  stamens,  covering  the  middle 
of  the  flower.--The  species  are  usually  large  trees ;  their  fruit  is  verr  i*^ 
markable,  consisting  of  a  large  woody  case,  the  top  of  which  sonietiin<*p 
separates  like  a  lid  (LecytMs),  whence  they  have  Deen  called  Monkey- 


CALTCIPLOBJE.  261 

pots.  They  are  chiefly  found  in  Guiana  and  Brazil.  The  Brazil-nuts  of 
dfinmeice  are  the  seeds  of  BerthoUetia  exceUa,  and  are  formed  inside  a 
krge  round  woody  seed-vessel.  Cuuroupita  guianentu^  the  Cannon-ball 
tft«f  yields  a  firuit  containing  a  pulp  agreeable  when  fresh ;  the  shells, 
like  the  '*pots"  of  Lecythis,  are  used  for  domestic  purposes.  The 
Urk  of  LectfthU  OUaria  and  other  species  is  separable  mto  fine  papery 
Uvers,  used  for  wrapping  cigars.  X.  OUaria  is  one  of  the  giants  of  the 
Lnzilian  forests ;  its  seeds  are  called  Sapucaya-nuts. 

Babrinotoniacejb  are  a  small  Order  of  tropical  trees  and  shrubs, 
pliced  by  most  authors  among  or  near  the  Myrtacess :  their  foliage  agrees 
nther  with  that  of  Lecythidaceie,  although  without  stipules ;  but  their 
flowers  are  destitute  of  the  hood.  The  structure  of  their  seeds  has  been 
misunderstood :  they  are  destitute  of  pensperm,  and  consist  chiefly  of  a  large 
axLi  with  minute  cotyledons.  They  appear  to  have  dangerous  qualities. 
Humboldt  and  Bonpland  relate  that  when  the  fruit  of  Gustavia  specio$a 
is  eaten  by  children  their  skin  becomes  yellow,  but  the  discoloration  dia- 
Appears  in  a  day  or  two  without  any  treatment.  BarringUmia  and  GuB' 
Uttta  are  met  with  in  cultivation  as  large  and  showy  stove-shrubs. 

CHAXJKLAUCiACEiB  are  a  group  of  Australian  shrubs,  of  heath-like 
aspect,  distinguished  from  Myrtacess  proper  chiefly  by  the  fringe  of  scales 
or  bristles  which  firequently  surrounds  the  tube  of  the  calyx  (whence  the 
nsme  of  Fringe-myrtles),  and  by  the  1-celled  (rarely  2-see(led)  ovarv. 
They  have  no  known  utility. — lUustrstive  Genera:  CMnnelaucium,  Desf.; 
Darwinia,  Rudge;  Caltftrix,  Labill. — Some  of  the  species  are  very  orna- 
mental as  greeimouse  plants,  as  the  Darwmiai  (Hedaroma)  &c. 

Brltisiacs^  consist  of  a  few  species  of  handsome  shrubs,  belonging 
to  the  genera  Napoleona,  Palis.,  and  Asteranthosy  Desf.,  formerly  supposed 
to  be  related  to  CucurbitacesB  and  Passifloracess,  but  apparently  only 
forms  of  Myrtaceee  remarkable  for  the  several  concentric  gamopetaloua 
circles  of  the  corolla  (or  corona),  the  polyadelphous  stamens,  and  flat 
»tigma.  Napcleona  imperiaUs  forms  a  large  fruit,  vnth  an  edible  pulp  and 
s  riod  containing  much  tannin.  The  structure  of  the  flower  is  curious 
and  interesting.    They  are  natives  of  tropical  Africa  and  Brazil. 

RHI2X)PH0RAC£iE  (Manobovbs)  are  trees  or  shrubs  growing  on 
mnddy  sea-shores,  with  opposite  leaves  and  deciduous  convolute  inter- 
petiolar  stipules;  flowers  with  an  adherent  calyx,  4-12-lobed,  the  lobes 
sometimes  coherent,  valvate  i  petals  6(}ual  to  the  calyx-lobes  in  number, 
springing  from  the  calyx ;  stamens  perigynous,  twice  or  thrice  as  many 
a»  the  petals ;  ovary  2^,  3-,  or  4-celled,  each  cell  with  2  or  more  pendu- 
lous ovules ;  fruit  1-seeded,  crowned  by  the  calyx ;  seeds  aperispermic, 
germinating  and  forming  a  very  long  root  before  the  fruit  falls  from  the 
tree.  (Bee  fig.  9^  p.  18.) — ^Illustrative  Genera :  Ehizophora^  Lam. ;  Brur 
guifra^Lsixi, 

AfinitiM,  te. — This  small  but  interesting  Order  consists  of  about  20 
species,  of  very  distinct  habit,  but  somewhat  complicated  in  their  afiini- 
ti«s,  sgreeing  with  the  MyrtaoeeBjMelastomacesd,  Vochysiacess,  and  Com- 
lx«tacefl9  in  many  reroects,  while  there  is  a  relation  with  Lvthraoess, 
CuDoniaoesd,  &c.  in  others  \  Endlicher,  as  well  as  Bentham  and  Hooker, 
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place  here  Cdsiipourea  and  LegnoiiSy  which  connect  this  Order  with  the  last 
two ;  Lindley  refers  the  Cassipourece  or  Leffnotidea  to  theLoganial  Alliance. 
The  striking  feature  of  this  Order  is  the  ^rmination  of  the  seeds  within 
the  fruit  while  attached  to  the  branch,  the  roots  descendinir  to  the  mad 
and  establishing  themselves  before  the  plumule  emerges.  The  trees  also 
continually  send  out  arching  adventitious  roots,  which  strike  and  become 
new  trunlcs,  like  those  of  the  Ficiu  indicaf  forming  the  Mangroye-ewamps 
of  tropical  estuaries.  The  fruit  of  Rhizophora  Mangle  is  edible.  The 
bark  is  generally  very  astringent  in  this  family.  The  wood  of  the  radicles 
contains  curio u^y  branched  wood-  or  liber-cells. 

VOCHYSIACE^  are  trees  or  shrubs,  with  resinous  juice  and  mostly 
opposite  entire  leaves,  with  gUnds  or  stipules  at  the  base ;  flowers  perfect, 
irregular;  calvx  and  corolla  imbricated ^  of  unequal  pieces;  stamens  1—5, 
usually  opposite  the  petals,  arising  from  the  bottom  of  the  calyx,  mostly 
only  one  fertile,  with  an  ovate  4-celled  anther ;  ovary  free,  or  partly  ad- 
herent, 8-celled,  with  axile  placentas,  or  1-celled  with  2  basilar  ovules  ; 
seeds  usually  winged,  without  perisperm. — Illustrative  Genera :  Quaiea^ 
Aubl. ;  Vochgsia,  Juss. ;  SalveHuiy  St.-Hil. — The  members  of  this  small 
Order  are  natives  of  the  equinoctial  regions  of  America,  and  are  known 
chiefly  as  timber-trees,  often  having  large  showy  blossoms.  Their  affinities 
are  ooscure.  Some  authors  regard  them  as  related  to  the  Olusiacefe, 
others  to  the  Violaceas  and  the  Polygalacece,  near  which  latter  they  are 
placed  by  Bentham  and  Hooker.  On  account  of  their  calyciflorous  structure 
they  are  usually  placed  near  Combretaceao. 

COMBRETACE^  are  trees  or  shrubs,  with  alternate  or  opposite,  ex- 
stipulate  leaves,  not  dotted ;  flowers  perfect  or  diclinous  by  abortion ; 
calyx  adherent,  with  a  4-5-lobed  deciduous  limb ;  petals  5,  perigynons, 
or  absent ;  stamens  perigynous,  5, 10,  or  15,  mostly  10 ;  ovary  1-celled, 
with  2  -4  pendulous  ovules ;  style  and  stigma  simple ;  seeds  aperispermic ; 
cotyledons  convolute. — Illustrative  Genera:  Tribe  1.  TKRmNAi*iK.B. 
Usually  apetalous;  cotyledons  convolute.  Bucida^  L. ;  Terminalioj  L.; 
PetUapterOf  Hoxb.  Tribe  2.  Combretr^.  Corolla  present ;  cotyledons 
plaited.  Comhretumj  Lofli. ;  Quisqualis,  Humph.  Tribe  3.  Gybocarpb^. 
Apetalous ;  cotyledons  convolute ;  anthers  bursting  by  recurved  valves. 
GyrocarpuSj  Jacq. ;  Illigeray  Bl. 

AfllnitiMk  iMii — Related  to  Myrtaceae,  especially  throusrh  Pitnica^  but  dis- 
tinguished by  the  unilocular  ovary  and  1-seeded  fruit.  The  structure  of  the 
flower  allies  the  Order  to  Onagraceffi  and  Rhizophoracese ;  the  apetalous 
forms  approximate  in  some  degree  to  SantalacesB  and  Lauracese. 

Distribution. — An  Order  comprising  upwards  of  200  species,  generally 
distributed  throughout  the  tropics. 

Qualities  and  Uses. — ^The  general  property  is  astringency.  The  barks 
of  Bucida  Bttceras,  of  Cotiocarpus  racemosa,  and  of  various  Termmalu^  are 
used  for  tanning.  The  fruit  of  Terminalia  helerica,  the  Myrobalan,  is 
astrinisrent.  A  gum  is  obtained  from  the  bark  of  T.  belerica  and  Comhretum 
aUemifoUum,  T,  Benzoin  has  milky  juice,  which  hardens  into  fragrant 
gum-resin,  used  as  incense  in  Mauritius.  The  seeds  of  T.  Catappa  are 
eaten  like  almonds.  Many  of  the  plants  are  valuable  timber-trees ;  and  a 
number  are  cultivated  on  account  of  their  flowers. 
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Alaxoiacsjb  me  a  small  Order  of  exotic  plants,  timber-trees,  or  shrubs, 
allied  to  Combretacess,  bat  having  perispermic  seeds  with  large  leafy 
(Otrledoos,  and  there  are  differences  in  the  corolla  and  stamens.  Lindley 
o»adei8  the  plants  related  in  some  degree  to  Myrtacese,  Melastomacess, 
sad  OnigraceaB,  but,  with  Endlicher,  thinks  that,  after  CombretacesB,  their 
wc9iesi  rdatiTes  are  probably  CornacesB  and  HamamelidacesB ;  Bentham 
ud  Hooker  group  them  with  Cornacese.  The  succulent  fruits  are  edible, 
•wt  the  plants  on  the  whole  are  of  little  importance. — Genera ;  Alan- 
>iuR,  L. ;  MarUa,  iloxb. ;  Nyssa,  GronoT.,  &c. 

MELASTOMACILE. 

CoK  Myrtales,  Benth,  et  Hook, 

Dugmom, — MyTtle-Uke  plants,  with  opposite  curved-ribbed  leaves, 
■bovy  flowers,  definite  stamens  with  remarkable  appendaged  anthers, 
wtmg  bv  pores  at  the  apex.  Seeds  very  numerous,  minute,  aperi- 
'Temric. — f llustrative  Genera :  Centradeniaj  fion  ;  Melastoma,  L, ;  E/iejnOf 
^itt ;  MedifUUoj  G^udich. ;  Miconia,  DC. ;  Mouriria,  Juss. 

Altnnifca,  *e. — ^A  large  proportion  of  these  plants  are  distinguishable  at 
cift  sight  by  the  several  large  curved  ribs  running  from  the  base  to  the 
>xx  of  the  leaves ;  but  this  character  does  not  hold  in  MemecyUm  or  in 
jlitiaina.  In  Memecylete,  also,  the  usually  flat  cotyledons  are  convoluted, 
i*  in  Combretaceee  and  exceptional  Myrtacece  ;  Mouriria  has  the  ribs  of 
'•b«  leares  inconspicuous.  The  most  striking  character  of  the  flower  lies 
^  the  stamens  with  their  oddly  beaked  anUiers.  But  the  Order  differs 
^  the  Myrtacess  also  in  the  contorted  sestivation  of  the  corolla. 
^h  the  other  hand,  they  are  allied  to  the  LagerstroBmiea  among  the 
"^tbaees,  from  which,  however,  the  imbricate  or  twisted  aestivation 
•4  the  calyx  and  the  characters  above  noted  sufficiently  distinguish 
'^m.  The  characters  by  which  the  genera  are  distinguished  are  the 
^ip^ukr  or  baccate  fruit,  the  position  of  the  placentas,  and  the  peculiar 
imn  of  the  stamens. 

DlitribotUm. — A  large  Order,  the  species  of  which  are  generally  diffused 
^thin  the  tropics — a  few  also  in  North  America,  China,  Australia,  and 
^.  India. 


Qttlltias  amd  Usee — ^The  members  of  this  large  Order  seem  to  be 
^■^fmless ;  and  the  prevailing  character  is  slight  astringency .  Many  yield 
^ble  succulent  fruits ;  the  name  of  Metasioma  is  derived  from  the  fruit 
staining  the  mouth  black.  The  most  striking  peculiarities  about  the 
^er  are  the  beauty  of  the  flowers  and  the  curious  ribbed  appear- 
vice  of  the  foliage.  A  large  number  of  species  are  ciiltivated  in  this 
countiyy  some  as  ornamental-foliage  plants,  others  for  the  sake  of  their 


ONAGEACEiE.    Tiie  EYEKiNQ-PBiintosE  Obdeb. 

C6h,  Myrtales,  Benth,  et  Hook. 

Diagmms, — ^Herbe  or  shrubs,  with  4-merous  (sometimes  2-d-merous) 
^wer^;  the  tube  of  the  calyx  (of  the  receptacle)  adhering  to  the 


264  STSTEUATIC  BOTJjrr. 

2-4-celled  ovary,  calyx-teeth  yalvate  in  the  bud,  or  obsolete ;  the  epigynou? 
petals  convolute ;  stamens  as  many,  or  twice  as  many,  as  the  pet^s,  and 
inserted  with  them ;  ovary  2-4-celled ;  styles  united ;'  stigma  capitate  or 
4-lobed ;  fruit  capsular  or  succulent,  with  2-4  cells ;  seeds  numeroui*, 
without  peiisperm. — Illustrative  Genera :  (Efwthera^  L. ;  Clarkiay  Pursli. ; 
£piiobium,  L. ;  I'ktchma,  Plum. ;  CircttOf  Toumef. ;  Trajpa^  L. 

AlBnltlM,  &«• — Onagrads  are  allied  to  Haloragese,  but  differ  in  their  often 
coloured  calyx,  absence  of  periaperm,  and  simple  style,  from  Trapa  in 
their  convolute  imbricate  corolla,  from  Combretacese  ty  their  plurilocular 
ovary.  The  parts  of  the  flower  in  this  Order  are  sometimes  2-merou8,  as 
in  drceea,  while  in  Lopezia  only  one  stamen  exists.  Sometimes  the  petals 
are  absent ;  and  occasionally  the  flowers  are  unisexual.  Trema  is  a  g^ius  of 
water-plants  sometimes  placed  with  HaJoragaceie,  from  wnich,  however, 
its  single  style  and  aperispermic  embryo  separate  it.  The  floating  leaves 
are  flat,  wedge-shaped,  and  entire,  wfiile  tne  submerged  ones  are  cut  up 
into  numerous  very  fine  secments.  The  germination  of  Trupa  resembles 
that  of  some  endogenous  plants. 

DistributioiLi — The  Order  consists  of  a  considerable  number  of  species, 
natives  chiefly  of  temperate  Europe,  North  America,  and  India. 

Qnalitiea  and  Useo. — Harmless,  sometimes  slightly  astringent.  The 
berries  of  some  Fuchsias  are  edible.  They  are  be^t  known  by  the  nume- 
rous garden  plants  belouging  to  the  Order,  most  of  which  are  very  showy, 
EpUobivm  has  many  native  species,  which  are  mostly  weeds.  E.  anffusti- 
/oUum,  however,  and  £.  hirsfdum  are  tall  and  handsome  planta.  Some 
of  the  (Enothera  are  called  Evening-Primroses,  from  the  yellow  flowen< 
opening  in  the  evening.  Trapa  produces  a  large  homed  fruit  with  amygda- 
loid seeds  with  unequal  cotyledons.  T.  natans  is  the  Water-chestnut  of 
the  French.  The  seeds  of  71  btspmosay  the  Simrhara-nut  (Kashmir),  and 
T,  UcomU  (China)  furnish  important  articles  of  food. 

HALORAGACEiE  are  aquatic  plants,  with  small  axillary  2-4-merou8 
flowers,  often  imperi'ect ;  calyx  adherent,  its  teeth  obsolete ;  petals  often 
wanting;  stamens  1-8;  fruit  indehiscent,  1-4-celled,  with  a  solitary 
suspended  seed  in  each  cell ;  perisperm  fleshy. — Illustrative  Genera:  Hip- 
purisy  L. ;  MyriopkyUum^  Vaill. ;  Mahragiay  Forst. — They  are  distinguished 
from  OnagraceiB  by  the  reduced  calyx  and  the  solitery  pendulous  and 

Oermic  seeds ;  the  corolla  is  absent  from  Hippuris  and  Pro9erpinaca. 
)nner  genus  has  a  very  simple  flower,  consisting  merely  of  an  ad- 
herent calyx  with  a  very  short  limb,  an  ovary  of  one  carpel,  and  a  single 
stamen.  I'he  whorled  foliage  oi  Hipfntru  aiad  MyriophyUum  is  curious, 
giving  the  first  the  appearance  of  an  JSquitetum,  while  the  latter  are  like 
some  of  the  branched  freshwater  Algse.  Most  of  the  Order  are  aquatic ; 
but  Haloragis  and  Lovdonia  are  terrestrial  and  more  or  less  shrubby. 
They  are  universally  diffused,  but  of  little  importance. 

LYTHEACE^.    The  Loosestrife  Ohder. 

Dtagnosis, — Herbs,  shrubs,  or  trees,  with  mostly  opposite  entire  leases; 
no  stipules ;  the  calyx  enclosing,  bat  free  from,  the  1-4-celled,  many- 
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iwJed  oruy  mad  ntembimitous  pod,  and  bearing  the  4-7  deciduous  cor- 
nnud  petali  and  4-14  stameiu  in  its  throat,  calyx-lubea  ralvnt«,  the 
Uiiaeaa  lower  down ;  strle  1 ;  aligma  capitAte,  or  nrely  2-lobed  ;  copaule 
jDchMcd  ia  the  caljx,  ^hiscent;  Beeda  numerous,  aporispermic. — Illus- 
wdve  OeneiK:  Fleplis,  L. ;  Ammatmia,  Houst.;  Lythrum,  L.;  Caphea, 
Jm].  :  Late»oitia,  II  j  Lagerntraemia,  L. 

A^ttUm,  *& — In  habit,  aa  also  in  the  striated  caijx,  them  plants 
htte  «anm  alicht  nMemblatiM  to  Labiat« ;  but  their  nearest  relatione  are 
mh  KTeral  Calycifloral  Orders  (&oui  which,  as  Onagratera  and  Melastu- 
Kicec,  they  difler  aioat  slrikiii);lv  in  the  superior  position  of  the  ovary) 
B^  with  ^sifrBgaci!{e.  from  Rhizophori^ce  they  dilTer  in  their  wajit  of 
i4ipi]ln  and  in  their  numerous  ovules.  From  Myrtles,  besides  the  above 
cianeteie,  the;  may  be  distinguished  by  their  Talvalo  calys. 

DMclboUaai. — A  considerable  Order,  the  mpmbers.  of  which  are  generally 
dJSiiad,  the  trihe Lai/entrcemiea  tropical.  Lylhtvm  Salicaria,  ncommon 
feiliih  plant,  u  remarkahle  for  being  found  as  the  only  repreeentative  of 
tk«  Order  in  Australia,  lis  Sowers  sre,  according  to  Darwin,  trimorrhic, 
LB  and  styles  being  of  three  dili'erent  lengths;  two  of  these  forma 
me  flower,  and  have  different  sexual  functions. 


J  Usaa. — Many  of  the  plaats  have  astringent  properties ; 

sveral  are  Taluable  as  dyes.  Latctonta  inermi»  is  the  celebrated  II ennah 
ijr  Uemtri  of  the  East,  used  by  women  to  dye  their  finger-nails,  hands,  or 
'eel  of  a  hrnwn-orange  colour ;  it  ia  also  used  for  dyeing  Morocco-leather. 
TIi«  flowers  of  Ori»iea  tomenioia  are  also  used  for  Eyeing  in  India.  A^n- 
■■■mo  Tetieatoria  is  acrid,  and  has  bliatering  propertiotf.  Physoca!yft-ma 
ffi'^f^da,  a  BiaziliBD  tree,  has  a  beautiful  rose-coloured  wood.  Caphea 
txatiins  manT  favourite  cuhivated  species.  Ilcntham  and  Hooker  place 
Awi'ea  (the  I'oniegrannte}  in  this  (>der;  but  it  would  seem  to  belong 
une  Bendy  to  the  Myrtles. 

SAXtFBAGACE^.    Saufbaoes. 
Ko^aofu. — Herba,   ahrubs,   or  tr^s,   with   the  pistils   mostly 
fever  thsD  the  petals  or  divisions  of  the  calyx  (usually  2,  coherent 
li?low,  and  sep&rate  or  separating  above ;  the  petals 
wmetimea  wanting),  with  the  (mostly  4-10)  ata-        Fig,  881. 
HKos  spriogiiig  from  the  calyx,  which  is  either  free 
w  more  or  U»8  adherent  to  the  1-4-oellod  ovary 
l%.381>. 

Chara^er. 

Vm\a.mv»  concave,  more  or  less  adherent  to  the 
ovaries.  Calyx  5-parted,  more  rarely  3-,  4-,  or 
ll>-parted,  more  or  less  adherent  to  the  ovarf. 
Core^;  petals  imbricate,  perigynoua,  equal  in 
number  to  the  segiueDts  of  the  calyx,  and  al- 
ternate with  tbera,  rarely  absent.  Stamttis  in-  ***!rf'^*IL5."" 
•erted  with  the  petals,  equal  in  number  to  them 
lod  alternate,  twice  as  many,  or  indefinite.     Ovary  mostly  of 
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2  carpels,  more  rarely  of  3  or  4  or  5,  more  or  less  united  into  a 
2-  or  more-celled  ovary,  usually  half  or  wholly  inferior  ;  pla- 
centas axile ;  styles  as  many  as  the  cells  of  the  ovaiy ;  more  or 
less  coherent.  Fruit  usually  capsular,  dehiscent:  seeds  mostly 
numerous,  small,  with  fleshy  perisperm. 

This  extensive  group  of  plants  is  divisible  into  four  Suborders, 
which  are  by  some  authors  regarded  as  distinct  orders  : — 

1.  SaxjfbaoejG.  Herbs:  stipules  absent  or  adnate;  petals  im- 
bricated, or  rarely  convolute  in  the  bud ;  calyx  free,  or  partly 
adherent,  ovary  1-3-celled. — 2.  Escallonieas.  Shrubs  with  al- 
ternate simple  glandular  leaves  and  no  stipules ;  calyx  imbricated 
in  the  bud.-— 3.  PhiladklphEjE  or  HxDRAifGEJE.  Shrubs  with  op- 
posite simple  leaves  and  no  stipules  ;  calyx  valvate  ;  stamens  epi- 
g3mous. — 4.  GuNOifiEJs.  Trees  or  shrubs  with  opposite  or  whorled, 
simple  or  compound  leaves,  and  large  interpetiolar  stipules ;  petals 
never  valvate. 

Illustrative  Genera. 


Suborder  1.  Saxifrages. 

Saxiiraga,  X. 
Astilbe. 

Suborder  2.  Escallonie^ 

EscaUonia,  Mutis. 


Suborders.  Philadelphejb. 
Philadelphus,  L. 
Deutzia,  Thunb» 
Hydrangea,  L, 

Suborder  4.  Cunonibjb« 
Cunonia,  L. 


AfflnitlM,  Aa— The  typical  floral  formula  is  |  S  5  P  6  A  64-5  G  2.     The 
relations  of  this  Order  are  somewhat  complicated,  in  consequence  of  the 
variety  of  conditions  existing  among  the  genera.    The  herbaceous  Sajci- 
frage<B  are  related  to  the  CrassulaceeB  in  several  respects,  but  differ  in  habit 
and  in  the  absence  of  hypogynous  glands— and  also  to  the  Bosaceie,  through 
Smr<eaf  Astilbe,  &c. ;  from  these,  2)eMfe«i  leads  to  the  shrubbv  forms,  where 
Philadelphus  manifestly  approaches  the  Mvrtaceie,  while  the  inflorescence 
of  Hydrangea  is  like  that  of  some  Capfifoliaceae.     The  CunonietB  are 
scarcely  distinguished,  except  by  habit,  from  the  Saxifragea ;  the  Escal- 
loniea,  passing  off  from  the  PliHadelphea,  are  related' to  Ribesiaceae,  and 
more  distantly  to  those  Ericaceae  with  an  inferior  ovary.    Bruniaceie  differ 
in  their  dicoocous  fruit ;  Saxifragaceae  are  closely  allied  to  Lythraceae,  but 
in  the  latter  the  embryo  is  aperispermic.     Pamassia  is  referred  here  by 
Hooker,  but  seems  mure  closely  to  resemble  HypericaceaB  or  Sauvageaiaeese. 
The  Australian  Pitcher-plant  (Cephalotus  follicularis),  the  leaves  of  which 
are  tubular,  with  a  lid  closing  the  tube,  belongs  to  a  genus  closely  allied 
to  Saxifrages,  especially  to  the  apetalous  ones.     From  Roaaceae  it  differs 
in  the  presence  of  perisoerm  in  the  seed.    By  Bentham  and  Hooker  the 
following  tribes  are  included  in  this  Order :— SaxifragesBi  Francoeae,  Hy- 
drangeas, Escallonieae,  CunonieaB,  and  Ribesieas. 

DlBtrlbatton.— A  large  group ;  the  Saxifrages  are  northern  and  alpine 
plants ;  the  EscaUcniees  are  chiefly  mountain  plants  of  South  America ; 
the  Philadeiphea  belong  to  South*  Europe  and  the  temperate  regions  of 
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Ana  and  America;  the  CunometB  occur  in  the  East  Indies,  the  Cape, 
Australia,  and  South  America. 

QnaHtl—  amd  Ums. — No  important  properties  are  attributed  to  this 
(^der:  a  certain  degree  of  astringency  prevails  in  Saxifragece  and  Cuno- 
new.  Their  chief  merit  consists  in  the  beauty  of  the  many  cultivated 
?«cie8  of  alpine  herbs,  and  of  the  hardy  and  half-hardy  flowering  shrubs, 
the  Saicifrages,  Deutsia,  Heuchera,  aai  JEscaUoniaf  Hydrangea,  and  others 
are  familiar  to  everyone.  Philadelphus  coronariiu,  the  "Syringa"  or  Mock- 
*Jiii&^  of  our  shrubberies,  a  native  of  the  south  of  Europe,  is  remarkable 
Wth  for  the  beautiful  flowers  (the  sweet  perfume  of  which  depends  on  the 
frwence  of  an  essential  oil)  and  the  peculiar  flavour  of  the  foliage,  re- 

^dstbUDg  that  of  the  cucumber. 

Frahcoacejb  is  an  Order  composed  of  Chilian  herbs  with  the  habit  of 
^•xi&agee,  and  flowers  4-merous  throughout  calyx,  corolla,  stamens  (in 
ievoal  cixcles),  and  carpels.  Some  authors  consider  them  nearest  to 
^^axifngaoeie,  with  which  they  are  combined  by  Bentham  and  Hooker ; 
ctWs  to  Crassulaceae,  others  to  Rosacead  ;  Lindley  believes  their  nearest 
s&utf  is  to  Droseracese. — Genera :  Francoa,  Cav.  \  TetiUa,  DC. 

CEASSULACE^.    The  Stonb-ceop  Obdeb. 

J^iagnMis. — Succulent  herbs  or  low  shrubs  with  perfectly  sym- 
netrical  flowers,  the  petals  and  pistils  equalling  the  sepals  in 
luunber  (3-20),  and  the  stamens  as  many  or  twice  as  many  :  peri- 
Jpenn  fleshy  or  none. 

Character. 

Thalamus  mostly  flat.  Calyx  free,  mostly  5-parted,  rarely  3-10- 
parted,  imbricated  in  the  bud,  persistent.  Corolla :  petals  as 
many  as  the  lobes  of  the  calyx  and  alternate  with  them,  distinct 
or  united  below,  emerging  from  the  bottom  of  the  calyx,  imbri- 
cated in  aestivation.  Stamens  as  many  as  the  petals  and  alternate 
»ith  them,  or  twice  as  many  (in  2  circles),  free  or  adherent  to  the 
(coherent)  petals.  Ovaries :  carpels  in  a  circle,  as  many  as  the 
petals  and  opposite  to  them,  often  with  a  glandular  seide  at  the 
bue  outside,  distinct  or  more  or  less  coherent ;  placentas  at  the 
ventral  suture;  styles  distinct;  stigmas  on  the  inside.  Fruit: 
a  circle  of  dry  follicles,  or  a  capsule  bursting  at  the  dorsal  sutures 
or  by  the  separation  of  the  walls  as  valves  from  the  septa ;  seeds 
tuying  in  number,  very  small;  embryo  in  the  axis  of  fleshy 
pensperm. 

iLLUSTBATrVE  GeNERA. 


Saborderl.  CBASSULEiB.  Fndis 
fdHadar, 

Tillea,  Mich. 
Cnttda,  JIaw. 
Brropbjllum,  SaOsb, 
Cotfleion,  DC. 
Sedum,  X. 


Sempervivum,  X. 

Suborders.  Diamobphks.  Car- 
pels  coherent  into  a  plurilocular 
capsule. 

Diamorpha,  Nutt, 

Penthorum,  L. 
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▲AnltlM,  *e.~-The  floral  formula  is  S  6  P6  A  6+6  G  5.  This  Order 
is  nearly  related  to  the  Saxifragacese,  especially  by  the  genera  with 
capsular  fruit;  and  on  the  other  hand  to  Paronychiacete  and  Caryo- 
phyllacesB.  They  are  remarkable  for  their  succulent  foliage,  possessed 
of  a  power  of  subsisting  almost  entirely  on  atmospheric  elements,  and 
resisting  obstinately  the  influence  Of  heat  and  drought.  They  are  ex- 
ceedingly tenacious  of  life ;  and  Bryophyllum  is  celebrated  for  the  aptitude 
of  its  leaves  to  produce  adventitious  buds  when  separated  and  placed  in 
favourable  circumstances.  The  symmetrical  construction  of  the  flowers 
is  likewise  interesting  to  the  botanist,  and  has  been  dwelt  on  in  the 
Morphological  Part  of  this  work.  The  Houseleek,  Sempervivuni  tedortan, 
occasionally  produces  monstrous  anthers,  with  ovules  in  place  of  pollen. 

ZHstribntlon. — Generally  found  in  extratropicsl  regions,  in  very  dry 
situations,  and  especially  abundant  at  the  Cape  of  Good  Hope. 

Qoalitles  and  Uses. — Their  properties  are  mostly  unim])ortaiit.  Sedum 
acre,  the  common  yellow  Biting  btone-crop  of  our  walls,  is  so  called  from 
its  acridity,  and  is  said  to  be  emetic  and  purgative.  Some  are  eaten ; 
others  used  as  refrigerants.  Cotyled'jn  Umbilicus  has  been  used  in  epi- 
lepsy. 

PARONYCfflAOEiE  ob  ILLECEBRAOE^E  are  herbs  or  shniba 
with  mostly  opposite  leaves  and  often  scarious  stipules,  minute  flowers, 
with  6-  or  more,  rarely  3-  or  4-merou8  calyx ;  petals  small  or  absent ; 
stamens  on  the  calyx,  1-10 ;  ovary  1-,  rarely  3-celled  ;  ovules  naraeri)us 
on  a  free  central  placenta,  or  solitarv  on  a  long  funiculus  from  the  base  of 
the  ovary.    Seeds  perispermic ;  embiyo  curved. 

Illustbative  Gsioeba. 


Suborder  1.  Pabonychie-b.  With 
scarious  stipules ;  stamens  superposed 
to  the  sepals. 

Paronychia,  Juss. 
Ulecebrum,  Gartn,f, 
Spergula,  X. 


Subord.  2.  SCLKBANTHRB.  With- 
otU  stipules ;  calyx  with  an  indurate 
tube ;    petals  none ;   stamens  super- 
posed to  the  sepals, 
Scleranthus,  Z. 

Suborder  «3.  Molluoinkjb.  St/jt- 
mens  aliemate  with  the  sepids  when 
equal:  if  fewer ,  a&emate  tcUh  the 
carpels. 

Mollugo,  L, 

Attnltles,  Ae. — This  Order  consists  of  upwards  of  a  hundred  species,  and 
niay  be  regarded  as  a  degeneration  of  Caryophyllaceie,  from  which  thej 
dimr  in  the  possession  of  stipules,  the  thin  petals  &c.  forming  a  transi- 
tion to  the  apetalous  Ohenopodiacea;  and  Amaranthacese.  They  are  ako 
nearly  related  to  Portulacaceas,  diflering  from  some  of  the  genera  Of  that 
Order  only  by  the  position  of  the  stamens  opposite  the  sepals.  Some  uf 
them  are  succulent,  like  the  Crassulaceae,  but  are  distinguished  b^  the 
structure  of  the  ovary.  By  Bentham  and  Hooker  they  are  included  m  the 
Chenopodal  cohort  of  the  Apetake.  They  are  mostly  valueless  weeds, 
abounaing  in  barren  sandy  tracts  throughout  the  temperate  regions  of  the 
globe. 
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PORTULACAC£LE  are  herbs  with  succulent  leftTes  and  reffolar  un- 
jSTBimetrical  flowers  (sepals  fewer  than  the  petaU) ;  sepals  2,  rarely  3  or  5 ; 
prUls  mosftlY  5  or  0 ;  stamens  variable.  Capsule  1-5-celled,  with  few  or 
canj  seeds  on  lon^ir  fonicoli  from  the  base,  or  on  a  free  central  placenta ; 
mbrro  carved ;  round  flouryperisperm. — Illustrative  Genera :  TetragoniOf 
L :  Aiamm,  L. ;  PorUdaca,  Toumef. ;  TaHnum,  Adans. }  Claytoniaj  L. ) 
JSontia,  MicheL 

AflviciM,  te.— This  Order,  as  here  regarded,  has  various  relations,  and 
i«  Out  well  defined.  It  approaches  very  closely  to  Caryophyllaceae  throusrh 
Pwonjcbiaceae,  but  may  be  distinguished  by  the  2-partea  calyx  and  the 
rjmber  and  position  of  the  stamens.  Like  Paronycniaceae,  the  members 
i  this  Order  are  nearly  related  to  the  proper  apetalous  Orders,  Cheno- 
p^diacee  &c.  Lindley  separates  the  Tetragonie€By  Aizoideee,  and  Sesuviets 
a  an  Order  called  Tetragoniaceae,  difTeriug  from  Portulacaceee  in  their 
oeteloua  flowers,  multilocular  ovary,  and  distinctly  perigynous  stamens. 
Faitalacaceae  would  thus  be  defined  chiefly  by  a  2-8epalous  calyx,  hypo- 
pnous  or  rarely  perigynous  stamens,  and  1-celled  ovary.  Bentham  and 
Ht^ker  lefer  the  Tetragonieas  to  Mesembryanthacese,  from  which  they 
^&it  in  their  apetalous  lowers.  Porttilacaia  exceptional  in  its  partially 
bferior  ovary  and  perigynous  stamens ;  hence  the  Order,  as  a  whole,  is 
ecDsidered  by  Bentham  and  Hooker  to  belong  rather  to  the  Thalamifloras 
tbm  to  the  CalyciOone.  The  plants  of  this  Order  are  generally  diflused, 
\i  ^nste,  dry  places.  Portulaca  oleracea,  Purslane,  is  an  old-fashioned 
ppt-berb ;  others  are  used  in  the  same  way.  Tetragonia  expansa  furnishes 
Ni'W-Zealand  Spinach,  daytonia  tuberosa  has  an  edible  tuber.  Many 
l)3Te  showy  but  ephemeral  flowers.  Lewisia  redivwa  (Oregon)  has  a 
^ta^efay  root,  used  as  food  under  the  names  of  spatulum  or  spa^tlum  and 
rvine  tnnere ;  it  is  pungent  and  aromatic  when  raw. 

MESEMBRYANTHACE^  or  FICOIDEyE  are  shrubby  or  succulent 
lieiWeous  plants,  with  opposite  simple  leaves ;  sepals  definite ;  petals 
Tery  numerous ;  stamens  indefinite,  perigynous;  ovary  inferior  or  almost 
sijK?rior,  many-celled  or  ] -celled;  ovules  numerous,  attached  by  cords 
tu&lree  central  placenta  or  to  axile  placentas,  or  to  parietal  placentas 
^Ti^iig  over  the  back  of  each  cell ;  seeds  numerous ;  embryo  curved  or 
^ial,  on  the  outside  of  mealy  perisperm. — Illustrative  Genus :  Mesem- 
vr^foithemum,  L. 

AAnittea,  Ac — These  plants  are  very  nearly  related  to  PortulacacesB  and 
ParonychiacesB.    From  the  former  they  differ  in  the  parietal,  not  free 
fWni  placenta,  from  the  latter  in  the  position  of  the  stamens,  many- 
celled  ovary,  and  dehiscence  of  the  capsule.    The  structure  of  the  ovary 
»  curious,  presenting  very  different  conditions  in  different  members  of 
^  Order ;  probably  it  is  somewhat  analogous  to  that  of  CucurbitacesB, 
ttd  the  diverse  positions  of  the  placentas  depend  on  the  degree  of  involu- 
^m  of  the  carpels  and  the  disruption  of  the  septa.  The  parietal  placenta, 
^ther  with  the  presence  of  numerous  petals,  serve  to  indicate  a  rela- 
tionship to  Cactacess.    Bentham  and  Hooker  refer  to  this  Order  Tetra- 
9o*M«  (see  Portulacacefls)  and  MoUuginea  (see  Paronychiacese).    The 
^ts  are  remarkable  for  their  succulent  foliage,  accompanied  sometimes 
%  wftter- vesicles  or  pseudo-glands  on  the  epidermis,  whence  the  name  of 
^plsnt  applied  to  Mesembrganthenium  aystaUinum.     The  ripe  capsules 
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are  very  hTgrometric,  the  valves  opening  when  wet  and  closing  when  diy. 
It  is  a  rather  large  Order,  of  which  the  majority  belong  to  the  sandy  tract«» 
of  the  Cape,  but  a  few  are  found  in  South  £)urope,  America,  China,  and  the 
South  Seas.  The  foliage  of  M,  edule  (Hottentots'  fig)  is  eaten  at  the 
Cape ;  M,  emarcidum  acquires  narcotic  properties  when  fermented. 
Several  are  burnt  for  the  soda-ash  in  Egypt,  Spain,  &c.  The  seeds  of 
some  yield  a  kind  of  flour. 

PAPAYACEiE  are  trees  or  shrubs,  sometimes  with  an  acrid  milky 
juice,  alternate,  lobed,  long-stalked  leaves,  and  diclinous,  sometimes  herma- 
phrodite, dichlamydeous  flowers.  Male  fl. : — calyx  free,  minute,  ^rith 
o  teeth ;  corolla  sympetalous,  with  5  lobes ;  stamens  definite,  epipetalous. 
Female  fl. : — Petals  6 ;  corona  filamentous  or  fimbriate,  sometimes  none ; 
ovary  free,  1 -celled,  with  3-5  many-seeded  parietal  placentas;  fruit  suc- 
culent or  dehiscent ;  embryo  in  the  axis  of  nesby  pensperm. — ^Dlustrative 
Genera :  Carica,  L. ;  Modecca,  L. ;  CeratoncyoSy  PJees. — ^The  present  Order 
stands  near  to  Cucurbitacece  and  to  Passifloraceae,  diflering,  however,  in 
important  respects  from  both, — since  the  former  have  an  inferior  ovary 
and  aperispermic  seeds ;  the  latter,  hermaphrodite  flowers  and  a  charac- 
teristic coronet  arising  from  the  tube  of  the  flower,  of  a  different  nature 
to  the  staminodes  or  sterile  stamens  of  the  present  group.  Bentham  and 
Hooker  include  it  under  Passifloracefie. — The  Papaw-tree,  Carica  Papaya, 
has  a  succulent  fruit,  edible  when  cooked,  but  the  juice  of  the  unripe  friiit 
and  the  seeds  a{)pear  to  be  ver^  acrid.  C.  diyitata  (Brazil)  is  regarded 
as  a  deadly  poison,  and  its  juice  blisters  the  skin.  The  species  of 
Caiica  are  natives  of  South  America,  the  other  genera  axe  East-Indian  or 
African. 

Panoiace^  are  an  Order  of  arborescent  plants  closely  related  to 
Papayacese,  diflering  chiefly  in  being  polypetalous,  and  hj  the  female 
flowers  having  scales  in  the  throat;  the  number  of  parts  in  the  floral 
circles  also  appears  more  variable.  They  constitute  a  Tribe  of  Bixace^e 
in  the  '  Genera  Plantarum '  of  Bentham  and  Hooker. — They  are  poisonous 
plants  found  in  the  hotter  parts  of  India.  Hydnocarpus  venenatus  is  a 
native  of  Ceylon ;  its  fruit  produces  dangerous  intoxication.  The  seeds 
of  Pattffium  are  sometimes  used,  after  boiling  and  extraction  with  water, 
as  a  spice,  but  even  then  have  cathartic  properties. — Qeuera :  Panffiumf 
Keinw. ;  Gytnnocarpea,  R.  Br. ;  HydnocarpuSy  Gsertn. 

PASSIPLORACE-^.    Passion-Flowebs. 
Coh,  Passiflorales,  JBenth,  et  Hook, 

IHagnosis, — Climbing  plants,  rarely  erect  trees,  with  tendrils  andfoliace- 
ous  stipules ;  leaves  and  leaf-stalks  often  glandular;  flowers  perfect ;  calvx 
6-parted,  with  numerous  filamentous  processes  springing  from  the  tu\)e 
of  the  flower  (receptacle),  inside  the  5  petals ;  stamens  o,  monadelphous, 
adherent  to  the  stalk  of  the  1-celled  ovary,  which  latter  is  free  from  the 
calyx,  and  has  3  or  4  parietal  placentas  and  as  many  clavate  styles ;  fruit 
mostly  succulent,  stalked;  seeds  numerous,  arillate;  embryo  straight, 
in  thm  fleshy  pensperm. — Illustrative  Genera :  SmeathmanmOy  Soland.; 
Passiflora,  Juss. ;  Tetrapathaa,  DC. ;  Dilkea,  Mast. 

Affinities,  ibOi — This  Order  is  generally  associated  with  the  Cucurbita- 
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oes,  which  it  resembles  in  habit,  and  has  a  further  afEnity  in  the  struc- 
tGit;  of  the  ovary,  the  most  marked  ditierence  being  the  nermaphrodite 
£jw6r,  sapeiior  position  of  oyary,  and  the  presence  of  perisperm  in  Passion- 
f  owers.  The  coronet  or  wreath  of  filiform  organs  between  the  petals  and 
the  stamens,  and  the  gynandrophore  bearing  the  stamens  and  ovary,  mark 
this  Order  oat  veiy  clearly,  ana  ordinarily  its  flowers  are  perfect ;  but  the 
f^Qs  THrapaUuea  appears  to  connect  it  by  a  further  link  with  Cucur- 
Uuceae,  since  the  flowers  are  there  polygamous  or  even  dioecious.  It  is 
tMkly  allied  to  Samydacess,  in  whicn,  however,  there  is  no  corona, 
frcm  Tumerads  it  differs  in  the  gynandrophore,  and  marcescent  not 
deddaoua  petals.  The  relations  to  Uapparidacese,  Bixacese,  and  Violaceaa 
an  also  well  marked,  and  indeed  its  affinity  to  the  latter  Order  is  much 
cluser  tiian  to  the  Cucurbits,  with  which  it  is  usually  associated ;  the 
ijnJ  formula  is  the  same.  The  corona  of  Passion-flowers  is  an  out- 
jtovth  from  the  flower-tube  at  the  base  of  the  petals. 

DMrflbattoD. — Species  numerous,  mostly  tropical  or  subtropical;  the 
rAter  part  are  South-American  and  Westrlndian ;  a  few  occur  in  North 
America,  Afirica,  the  East  Indies,  and  Australia. 

QvaUtlaa  and  Uom. — The  pulpy  fruits  of  nuiny  species  of  Pamflora 
tGnnadilhis),  several  Tacsania^  and  of  Paroptsia  edtdis  are  eaten;  but 
At^Qgent  properties  exi»t  in  the  leaves,  while  the  roots  of  Pamflora 
padnaufuiaris  and  the  flowers  of  P.  rubra  are  narcotics.  The  beauty  of 
tk  flowers  and  foliage  renders  this  Order  a  very  &vourite  one  in  cultiva- 
tkjQ. 

MALEsiHKBBiACRiB  cousist  of  a  fcw  Unimportant  herbs  or  low  shrubs, 
uiives  of  Chili  and  Peru,  resembling  Passifloracese  in  the  structure  of  the 
>'weis ;  but  the  coronet  is  merel  y  a  membranous  ring,  the  styles  arise 
trom  the  backs  of  the  carpels,  and  the  seeds  are  not  arillate.  Included 
tt  a  tribe  of  the  preceding  Order  by  Bentham  and  Hooker. 

TuBXERACEiB.  Ilerbs  or  half  shrubby  plants,  natives  of  the  West 
bdies  and  South  America,  w^ith  5-merous  flowers,  deciduous  contorted 
petals  with  no  corona,  and  a  1 -celled  superior  ovary  with  3  parietal 
placentas ;  seeds  perispermie,  with  a  strophiole  or  fslse  aril.  They  appear 
^i  form  a  link,  through  Maleaherbiaceee,  from  the  Passifloracess  &c.  to 
ptfietal  Thalamifloral  Orders,  such  as  Cistacese.  They  have  tonic  and 
vomatic  properties. — Genera :  TumerOf  Plum. ;  Piriqueta,  Aubl. 

Sahtdacejb  form  a  tropical  Order,  chiefly  of  American  plants,  of 
^mewhat  doubtful  place :  apparently  they  stand  nearest  to  iiixaceae  and 
the  ThaUmiflone  with  parietal  placentas ;  however,  they  are  apetalous, 
i&d  the  stamens  are  perigynous,  which  relate  them  to  a  difierent  set  of 
Orders.  One  of  their  most  striking  peculiarities  is  the  presence  of  both 
round  and  linear  pellucid  glands  in  the  leaves.  The  bark  and  leaves  of 
the  plants  are  astringent,  and  those  of  species  of  Casearia  are  used  in 
Bnxil  as  febrifuge  medicines. 

CUCUEBITACEiE.    The  Cucumber  Obdeb, 
Coh,  Passiflorales,  Benth.  el  Hook. 

Diagnons. — Herbaceous  plants,  mostly  succulent,  prostrate  or 
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climbing,  with  tendrils ;  leaves  alternate :  flowers  dicBcions  or 
monoecious ;  the  flower-tube  adherent  to  the  1-3-celled  OTarr ; 
corolla  usually  ^mopetalous;  and  the  3-5  stamens  commonlj 
more  or  less  united  by  their  often  sinuous  anthers  as  well  as  b? 
their  filaments.  Fruit  a  pepo,  or,  more  rarRly,  a  succulent  berrr. 
Placentas  confluent  in  the  axis ;  perisperm  none. 

Charatcter, 

Thalamus  flat  or  concave,  adherent  to  the  ovary.  Calyx  adherent 
in  the  female  flowers,  5-toothed,  sometimes  without  a  limb. 
Corolla  of  distinct  valvale  petals,  or  4-5-parted,  sometimes 
fringed :  springing  from  the  calyx,  and  with  the  lobes  alternating 
with  those  of  the  calyx.  ^,  Stamens  5,  springing  from  the 
corolla  and  alternate  with  its  segments,  more  rarely  3  or  2,  some- 
times free,  monadelphous,  or  more  frequently  triadelphous,  with 
2  pairs  and  1  odd  one ;  anthers  2-celied,  usually  long  and  sinuott?. 
or  bent  upon  themselves  laterally  (fig.  383),  sometimes  straight. 

Hg.382. 


Fig.  883. 


Fig.  384. 


Fig.  982.  Female  flower  of  CuewrMa. 

Fig.  !{83.  SUminal  oolamn  of  male  flower  of  Ooord. 

Fig.  SSi.  Beotion  of  the  fruit  of  the  Coefomber. 

free,  or  combined.  2  .  Ovary  inferior  (fig.  382),  3-celIed ;  nsniUy 
with  3  placentas  placed  parietally,  but  on  the  involute  mai^s 
of  the  carpels  so  as  to  meet  in  the  centre  (fig.  384),  sometimes 
with  2  placentas  and  2  erect  ovules,  or  1 -Killed  with  a  solitary 
pendulous  ovule :  style  short :  stigmas  thickened,  papillose,  lobed 
or  fringed.  Fruit  more  or  less  succulent ;  a  pepo  viith  a  firm 
rind,  or  a  juicy  berry  with  a  thin  skin ;  seeds  mostly  flattened, 
with  a  succulent  or  membranous  coat  over  the  leathery  or  homj 
testa,  which  presents  a  marginal  ring  or  keel ;  ^m&ryo' flat,  with- 
out perisperm. 


\ 


FeuiliflDiiy  X. 
Bryonia,  Z. 

CitTuUus,  Neck. 
£cb(iklium,  L.  C.  Bich. 
Momordica,  L. 
Cacumis,  L. 
Cacuzbita,  L, 
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Series  1.  P1.AG10SPEILMRJS.  OvuUa        Series  2.  Orthosps&me^.  Ovules 

erect  crtucending, 

Trianosperma. 
Elaterium. 

Series  3.  Cbemosfebmsjb.  OvhUs 
pendulous, 

Sicyosy  L, 
Sechium,  P.  Br, 

-The  Cucurbitace»,  diyided  as  above  into  3  series,  are 

till  further  divided  bv  Hooker  into  8  tribes  according  to  the  number  of 

"h^  FtAinen«y  the  form  oi  the  anthers,  the  nature  of  the  placentas,  and  the 

:uunber  of  the  ovules,  &c    They  form  a  very  well-detined  Order,  but 

Utc  aflinities  of  a  very  diversilied  range.    The  habit  and  the  placenta- 

t:oB  ally  them  closelj  with  Passitioiace®,  from  which  they  dilter,  how- 

^«r,  in  the  position  of  the  ovary,  the  unisexual  flowers,  the  pecub'ar 

^(ictuie  of  the  anthers,  and  the  want  of  perisperm.    Their  nearest  rela- 

tinii.«  among  the  epigynous  Orders,  after  Begoniacese,  appear  to  be  the 

l^»«acea&,  through  Gronovia,  which  agrees  in  its  climbing  habit,  and 

A>med  near  the  Swyea,    In  the  structure  of  the  ovary  and  seeds  and  the 

position  of  the  stamens  there  is  a  certain  approach  to  the  polypetalous 

I  ^lamcee,  Myrtaceas,  Sec,  and,  further,  to  the  monopetalous  Oampanu- 

^Aceaew     Again^  the  diclinous  condition  and  the  structure  of  the  ovary 

coQoect  them  with  Papayaces.    This  Order  presents  a  number  of  points 

if  interest  as  regards  structure.    The  tendrils  appear  here  to  be  partially 

wtamorphosed  leaves,  while  their  base  is  constituted  of  an  abortive 

fc^ADch ;  out  they  have  been  referred  by  various  botanists  to  leaves,  sti- 

paV«,  pedundes;  branches,  and  even  roots.    Their  position  by  the  side  of 

^e  leu  is  very  curious,  and  accords  with  Warming's  suggestion  that  the 

teadril  is  an  extra-axillaiy  branch,  arising  as  it  does  from  a  flat  cellular 

"otfDt>wth  outside  the  leaf-axil.    Warming  also  describes  the  following 

^tmctuics  as  emerging  from  the  axil  of  the  leaf  in  many  Cucurbits : — 1. 

A  terminal  c^  or  $  flower ;  2.  A  leaf-bud ;  3.  An  inflorescence  homo- 

iromous  with  the  principal  axis,  antidromous  with  the  leaf-bud.    In 

TUaduoMa  dubia,  according  to  Dutailly,  the  tendril  and  the  male  flower 

RpUce  one  another  morphologically,  being  never  found  together,  but  the 

<«e  always  in  the  place  of  the  other.    The  androecium  of  these  plants  has 

Wn  considered  to  consist  of  Ave  stamens,  with  unilocular  anthers,  united 

iato  three  parcels ;  but  by  others  it  is  asserted  that  these  plants  have 

tb«»e  stamens,  two  with  two-celled  anthers,  and  one  with  a  one-celled 

mother.     Traces  of  the  abortive  stamens  may,  however,  be  detected  in  the 

usimlar  bundles,  so  that  the  typical  structure  of  the  androecium  is  pent* 

•Bierous.    The  construction  of  the  ovaiy  of  the  Cuetirbttea  is  remarkable, 

the  sides  of  the  carpels  being  inflected  to  the  centre,  and  then  rolled  in 

luther  upon  themselves  until  the  marginal  placentas  are  brought  back 

vtuh  to  the  circumference  of  the  fruit ;  hence,  although  termed  narietal 

pUcentss,  th^  are  rather  an  excessive  case  of  the  inflexion  whicn  (»xli- 

Dshly  produces  axile  placentas.    The  form  of  the  fruit  is  varied :  the  pepo 

MBUDQs  almost  every  modification  of  globular,  oval,  bottle-shaped,  sausege- 
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like,  or  even  snake-like  fonn ;  some  kinds  axe  dehiscent :  in  Edmlium  it 
bursts  by  toparating  from  its  peduncle  and  expelling  the  seeds  vitk 
violence  through  the  orifice;  in  Momordica  and  others  it  bursts  irregu- 
larly ;  in  *EUder%vm  it  bursts  bv  two  or  three  \alves  at  the  summit ;  and 
in  some  species  of  iMWa  an  orifice  is  formed  at  the  top  bj  the  sepaiation 
of  the  scar  of  the  calyx.  In  Sechium  the  pepo  contains  onl j  one  seed, 
which  germinates  within  the  fruit,  and  never  separates  iromit^  ao  that 
the  fruit  resembles  a  thick  root-stock. 

DlstrltmtloiLi — A  considerable  Order,  the  species  of  which  are  chiefly 
natives  of  hot  climates,  especially  abounding  in  the  East  Indies,  but  some 
found  almost  anywhere ;  Bryonia  dioica  is  the  only  British  species. 

QnaUtlM  and  Ums. — ^The  majority  of  the  plants  of  this  order  are  to  be 
looked  upon  as  suspicious,  from  the  prevalence  of  a  pui^tive  propertT, 
sometimes  very  violent,  sometimes  slight,  and  apparently  liable  to  afieci 
particular  constitutions  more  strongly  than  others.  Some  kinds  may  be 
reckoned  as  poisons,  while  others,  especially  when  cultivated,  although 
they  retain  laxative  qualities,  become  innocuous.  Among  the  decided 
purgatives,  EchaUum  agrtde^  the  dried  juice  of  the  fruit  of  which  funiisbes 
"Elaterium,'*  is  one  of  the  most  drastic  agents  known.  Oolocynth  is  the 
extract  of  the  pulp  of  CUrulhis  Colocynthis ;  the  fruits  of  several  species 
of  Lvffa  and  Lagenaria  are  strongly  |)urgative ;  the  roots  of  the  Tariou« 
species  of  Bryonia  are  actively  cathartic ;  and  the  same  quality  resides  in 
tne  seeds  of  FeuilUea  cordtfoUay  &c  Some  other  plants  of  the  Order  share 
this  quality,  although  the  seeds  are  generally  harmless. 

On  the  other  hand,  the  milder  species  furnish  fruits  highly  esteemed 
either  as  fruits,  for  their  delicate  flavour  in  their  fresh  state,  as  in  the 
Melon  and  the  Cucumber,  or  as  pot-herbs,  from  the  succident,  bland, 
pulpy  substance  of  the  unripe  or  npe  fruit,  as  of  the  Gourds.  Qicymit 
Melo  is  the  common  Melon ;  Cucumis  satiims  is  the  Cucumber ;  Cucur- 
hita  Oitrtdlus  is  the  Water-melon ;  CticurbUa  Pepo  is  the  White  Gourd, 
C.  maaima  the  Hed  Gourd  or  Pumpkin ;  the  Vegetable-marrow  is  a 
variety  of  C  Pepo,  The  Snake-gourd,  TrichosanfJies  angutna,  is  eaten  in 
India,  also  many  other  species  of  Cucurbitaceous  plants,  which  appear  to 
become  much  milder  imder  cultivation.  The  fruit  of  Sechium  edme  is  tiso 
eaten  in  hot  countries.  The  seeds  are  oily ;  some  are  harmless,  as  those 
of  Teff atria  pedata  (Africa),  which  are  said  to  be  as  large  as  chestnuts, 
and  are  eaten  like  almonds,  and  the  oil  expressed.  The  pulp  suiroundiog 
them  is  very  bitter. 

BEGONIACKE  (Elephant's  Ears)  are  herbaceous  plants  or  lowaoc- 
culent  shrubs  with  an  acid  juice ;  leaves  alternate,  oblique  at  the  bsse, 
with  large  scarious  stipules ;  flowers  monoecious ;  sepals  coloured,  iho^ 
of  the  barren  flowers  in  two  pairs,  decussating ;  those  of  the  fertile  flowers 
5,  imbricated,  or  8 ;  stamens  indefinite,  distinct  or  coherent  in  a  colamD ; 
anthers  clustered ;  ovary  inferior,  8-celled,  with  3  dissepimental  placentas 
meeting  in  the  axis;  stigmas  3,  sessile,  2-lobed;  fruit  capsular;  !^s 
aperispermic,  with  a  thin  reticulated  testa. — ^Illustrative  Genera :  Befo- 
ma,  L. ;  HiUebrandia,  Oliv. 


%o. — ^The  relations  of  this  interesting  and  numeroos  Older 
have  been  variously  conceived  by  different  auUiors ;  but  they  appear  to  be 
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CucwhiUcem,  the  so-called  parietal  placentas  of  the  latter  being 
nth^  ao  exc^essive  form  of  the  double  axile  placentas  of  such  plants  as 
iMploeiininnv,  and  the  placentas  of  Mezieria  are  aescribed  as  parietal.  Hil» 
irhntndia  has  nearly  regular  flowers,  and  the  ovary  opens  at  the  top  as  in 
Enedeu  It  confinns  tHe  relationship  to  Datiscads.  Begontella  has  a  beU- 
shsped  gmmophyllous  perianth  and  definite  stamens. — They  are  natives 
chiefly  of  India,  South  America,  and  the  West  Indies,  and  ai-e  much  culti-» 
i^ted  for  tlieir  beauty ;  the  oblique  or  unequal-*sided  leaves  are  chaiiicter* 
isdc,  w^hence  they  are  sometimes  called  Elephant's  Ears.  Many  Bego^ 
moB  are  Temarkatile  for  the  production  of  adventitious  buds  in  gntat 
Biimbers  from  various  parts  of  their  surface.  The  roots  appear  to  be  bitter 
8cd  astringent,  sometimes  purgadve.  B.  malabaricaj  tuherosa,  and  some 
others  are  used  as  pot-herbiB. 

DATISCACEiE  are  diclinous  apetalous  herbs  or  trees,  with  alternate, 
-X5tipu1ate,  simple  or  compound  leaves ;  barren  flowers  with  a  3-4-me- 
mas  perianth,  and  3-7  stamens ;  fertile  ones  with  an  adherent  d-4-toothed 
p-^rkuith,  a  1 -celled  ovaiy  with  3-4  many-seeded  parietal  placentas,  and 
a  dry  fruit  opening  at  the  summit. — They  consist  of  a  few  species  very 
videly  scattered.     Datisca  cannabina  is  foimd  in  the  south-east  part  of 
Kurope,  and  has  bitter  and  purgative  |)roperties.    The  Order  appears  so 
aeariy  related  to  Cucurbitacece,  Begoniaceae,  and  Loasaceae,  that  it  is 
imdeshable  to  place  it  among  the  Monochlamvdese.    D,  cannabina  Lb  re- 
markable as  affording  one  of  the  examples  of  a  tendency  of  the  female 
fiowers  of  dioecious  plants  to  mature  seeds  without  impregnation ;  this 
pheDomenon  has  been  observed  frequently  in  Ccelobofjyne  and  Mefvuirtalis 
unonfT  the  Euphorbiace»  and  in  Cannabis ;  but  some  error  of  observation 
is  to  be  sujipected  in  these  cases.     Tetrameles  is  a  large  tree,  the  rest  are 
herbs. — Genera :  Datisca^  L. ;  Tetrameles,  H.  Br. }  Tricerastes,  Presl. 

HoMAUACEJi  is  a  small  Order  of  tropical  trees  or  shrubs  with  inferior 
ormriei!  and  parietal  placentas,  related  on  the  one  hand  to  Passifloraceae, 
CO  the  other  to  Loasacese  and  Cactacess.  Thev  are  included  in  Samyda- 
oe»  by  Bentham  and  Hooker ;  some  of  them  nave  been  introduced  into 
coitiviition  on  account  of  their  foliage ;  the  flowers  are  small. — Genera 
Bomaiiwn,  Jacq. ;  BUukweUia,  Commers.,  &c. 

LOASACE^  comprise  herbs,  sometimes  hispid  with  stinging  hairs ; 
leaves  opposite  or  alternate,  without  stipules ;  calyx  adherent,  ^-^-parted ; 
petals  5  or  10,  in  2  circles,  often  cucullate;  stamens  numerous,  free  or  in 
boodles,  adherent  to  the  petals,  often  intermixed  with  staminodes  or 
abortive  stamens ;  ovary  adherent,  1 -celled,  with  several  parietal  placentas 
IT  1  central ;  ovules  pendulous ;  seed  with  a  loose  testa ;  embryo  in  the 
«xiB  of  fleahy  perisperm. — Llustrative  Genera :  Mentzelin,  L. ;  Bartonia, 
Sims. ;  LoaM^  Adans. ;  Blumenbackia,  Schrad. ;  Oronovia,  L. 


, J — A  small  Order.    The  genus  Gronovia,  with  a  climbing 

habit,  connects  this  Order  with  CucurbitacesB,  especially  those  with  a 
single  seed ;  but  in  the  latter  Order  the  seeds  are  apenspermic.  It  is 
likewise  closely  related  to  CactaceSB,  differing  importantly  m  habit  only 
from  some  genera.  With  Begoniads  it  agrees  in  the  character  of  the  seeds. 
A  further  affinity  exists  to  the  epigvnous  Order  Onagracea^  ;  and  among 
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those  with  a  free  ovary,  Malesherbiacese,  Tamenicefe,  and  Pa8aifloraee«e 
exhibit  some  points  of  a^ement — ^They  are  natives  of  the  warmer  [karts 
of  America ;  out  one  occurs  in  Arabia  and  tropical  Africa.  They  ar^ 
principally  remarkable  for  their  stinging  hairs,  which  produce  more 
violent  irritation  than  our  indigenous  Nettles.  Mentseiia  hispida  has  a 
purgative  root.  Loctsa,  Bartonia,  &c.  are  often  cultivated  on  account  of 
the  beauty  of  their  flowers ;  but  some  of  them  are  rendered  leas  valuable 
by  their  stinging-property. 


CACTACE^  (Indian  Figs)  are  fleshy  and  thickened,  mostly  leafles 
plants,  of  peculiar  aspect,  globular  or  columnar  and  many-angled,  or 
flattened  and  jointed,  usually  with  prickles.  Flowers  solitary,  sessile ; 
the  calyx  and  corolla  sometimes  4-merous,  but  generally  undistinguisbable 
and  imoricated  in  several  spiral  cycles  adherent  to  the  1-celled  ovary : 
stamens  indefinite ;  placentas  parietal ;  fruit  succulent ;  seeds  numeTous, 
parietal  or  in  the  pulp,  aperispermic. 

Illustrative  Gsnbra. 


Tribe  1.  EcHiNOCACTE^.  FUncer- 
tube  prolonged  beyond  the  ovary. 
Stem  tubercled  or  spiny,  rarely  leafy, 

Mammillaria,  Haw. 
Echinocactus,  Link  et  Ott, 
Cereus,  Haw. 


Tribe  2.  Opuntikje.  Flower- 
tube  not  prolonged  beyond  the  ovary. 
Stem  branched,  jointed, 

Rhipsalis,  Gitrtn, 
Opuntia,  Tonmef. 
Pereskia,  Flum. 


AfflnltleB,  Ibo. — These  plants  are  generally  distinguishable  at  first  sight 
by  the  remarkable  forms  of  their  succulent  stems  and  the  absence  of  true 
leaves;  but  this  anomalous  condition  of  the  stem  is  not  a  decisive  charac- 
ter, nor  does  it  even  carry  with  it  indications  of  affinity,  since  we  find  it 
among  Euphorbiacese,  in  Stapeliea  among  the  Asclepiadacese,  in  Vitacea?, 
and  elsewhere.  The  ordinary  forms  scarcely  require  description ;  but  it 
must  be  noticed  that  the  leaf-like  structures  of  JEpiphylhtm  &c.  are  flat- 
tened branches,  and  the  If^aves  are  represented  solely  by  spines  in  tbe 
common  kinds,  each  tuft  of  spines  representing  an  abortive  shoot  with 
undeveloped  intemodes ;  Pereskia,  however,  bears  true  leaves,  sessile  or 
stalked.  The  stems  have  a  woody  axis  of  the  normal  Dicotyledonous 
structure :  the  chief  mass  of  the  stem  of  the  phylloid  kinds  is  made  up  of 
the  greatly  developed  cortical  parenchyma;  but  the  globular  and  columnar 
kinds  are  very  solid :  the  wood  is  remarkable  for  a  peculiarly  formed  spiral 
thickening  of  its  cells ;  and  the  parenchyma  of  old  stems  is  densely  loaded 
with  crystals  of  calcium  oxalate. 

The  relations,  as  founded  on  the  stnicture  of  the  flowers,  are,  perhaps 
closest  with  Loasaceas,  and  beyond  them  with  the  Cucurbitacese,  with, 
however,  many  important  points  of  di£Eerence  from  the  last.  There  is  a 
considerable  resemolance  in  certain  respects  to  Mesembryanthaceae ;  for  the 
placentas  of  that  Order  and  those  of  the  present  are  apparently  but  slight 
modifications  of  a  similar  fundamental  structure.  Some  degree  of  affinity 
exists  between  Cactacesd  and  Ribesiaceie ;  hue  the  dicarpellary  structure 
there  and  the  perispermic  seeds  are  important  distinctions,  and  indicate 
a  closer  relationship  of  the  latter  plants  to  Saxifragacese. 
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. — A  laige  Order,  the  members  of  which  are  almoet  exclu- 
siTeij  found  in  the  hotter  parts  of  America,  especially  in  dry  situations. 
Cjpn^  vulgaris  is  naturalized  in  South  £urope  and  elsewhere.  A  species 
<,'{£k^uaU8  occurs  in  AMca  as  wdl  as  in  Ceylon. 


QnilttiM  and  Uses. — ^A  subacid  juice  is  commonly  present  in  these 
f^ts,  whence  some  of  them  are  esteemed  as  remedies  in  levers  \  the  pulpy 
tnnt  of  some  is  agreeable  on  account  of  this  quality,  in  others  it  is  insipid 
aod  mucilaginous.    Cattle  are  said  to  bruise  the  trunks  of  some  species 
'vith  their  hoofii  in  order  to  browse  on  the  succulent  parenchyma.    Opuntia 
v^fforis  is  the  Prickly  Pear,  the  fruit  of  which  is  esteemed  in  the  south 
of  Europe  and  America.    The  fruit  of  O.  Ttma  yields  a  carmine  pigment ; 
tbat  nf  Pereskia  acuieata  is  called  the  Barbadoes  Gooseberry.    O.  coccinel- 
ftftra,  the  Nopal  plant,  is  celebrated  as  forming  the  habitation  and 
sustenance  of  t'oecua  Cactij  the  Cochineal  insect.      Cereus  grandifloru^ 
C  Myeiicaliis,  and  some  others  are  noted  for  opening  their  magniiicent 
f owers  at  night :  these  and  many  other  species  of  this  and  other  genera 
of  the  Order,  such  as  Epiphyllumj  PhyllocacttUf  Hhimalisj  &c.,  are  highly 
Tsloed  in  cultivation  for  tneir  showy  flowers ;  and  the  globular,  columnar, 
iod  angular  stems  are  not  less  remarkable,  on  account  of  their  strange 


PJBESI ACEiE  OB  GROSSULARIACE^  (Cubhants)  are  low  shrubp, 
sometimea  prickly,  with  alternate  palraately  lobed  leaves,  a  5-lobed  cal^x 
izk^it^parable  from  the  1-celled  ovary  and  bearing  6  stamens  alternating  with 
ae  many  smaU  petals.  Fruit  a  1-celled,  inferior  berry  with  2  parietal  pla- 
c^taa.  Seeds  numerous,  imbedded  in  pulp ;  embryo  minute,  m  abundant 
bomy jperisperm. — These  plants  were  formerly  associated  in  the  same  Order 
with  Cactaces ;  but  their  structure  differs  importantly,  and  approaches 
to  neazly  to  that  of  Saxifragacese,  that  Polyosma  is  placed  among  the 
EKoBomene  by  some  authors,  and  in  this  Order  by  others :  the  succulent 
6uit  and  the  nomy  perisperm  are  almost  the  only  criteria,  since  the  pla- 
centas are  parietal  in  some  EscaUoniea,  By  Bentham  and  Hooker  this 
Order  is  included  under  Saxifragaceie  as  a  distinct  Tribe. — ^The  plants 
occur  in  cool  or  shady  localities  in  the  temperate  regions  of  Europe,  Asia, 
and  America.  The  f^^eeable  acid  fruits  form  the  most  striking  character 
of  this  Order.  The  Gooseberry  {R,  GrosstUaria),  the  Black  Currant  (It, 
wiffntm),  the  Red  and  White  Currant  (JR.  ntbrum)  are  the  most  valuable 
kixidfl.  The  Black  Currant  is  re«narkable  for  the  aromatic  glands,  which 
give  a  stimulant  property.  All  contain  malic  acid.  Other  fruits  of  the 
Order  resemble  these,  but  are  commonly  either  tasteless  or  excessively 
acid.  Several  species  are  showv  garden  shrubs,  as  J2.  aureum,  2L  co<y 
einatm,  &c.,  in  which  the  calyx  is  brightly  coloured. 

HAMAMELIDACE^  (Witch-Hazkls)  are  shrubs  or  trees,  with  altera 
natB  simple  leaves  and  deciduous  stipules ;  flowers  in  heads  or  spikes, 
often  polygamons  or  monoecious ;  calyx  adherent ;  petals  narrow,  valvate, 
iarolute  or  circinate  in  the  bud,  or  absent ;  stamens  twice  as  many  as 
the  petals,  half  sterile  and  scale-like,  or  numerous ;  pistil  of  2  carpels, 
ionning  a  2-celled  ovary,  with  2  styles ;  ovules  solitary  in  the  cells  or 
nomerous ;  fruit  a  2-beaked  woody  capsule  with  1  seed  in  each  of  the  two 
eellsy  bursting  at  the  top ;  seeds  perispermic. 
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Illustrative  GKNEttA. 

Tribe  1.  IlAMAMKLEiE.     Dichla- \      Tribe  3.     Altinoie^      Cdur 
mydeous;    ovary  with  1  suspended 
ovule  in  each  loctdus. 

Hamamelis,  L. 

TrichocladuS;  Fers, 


often  nulimentary  ;  ocules  teceral  in 
each  loculus  of  the  ovary. 

Liquidambiir;  L. 
Bucklandia,  R,  Br. 
Khodoleia,  Champ, 


Tribe  2.   Fotherqille^.    Mo- 
nochlnmydeous :  orary  as  in  Tribe  1. 
Fothergilla,  L.  /. 
Parrotia,  C  A,  Mey, 

Affinities,  fto. — Lindley  makes  Liqvidambar  the  tvpe  of  a  distinct  Order, 
Altingiaceoe,  associated  with  the  Araentiferous  Orjers  ;  but  the  relations 
between  the  genera  above  noted  appear  opposed  to  this.  The  flowers  txas 
be  regarded  as  indicating  an  aberrant  form,  standing  near  Comacefe,  from 
which  they  differ  in  their  perig^Tious  stamens,  their  multiple  style,  alter- 
nate exstipulate  leaves,  &c.  Tkey  are  also  connected  by  Bruniacese  with 
the  Umbelliferse.  They  approach  closely  to  the  Saxifrages,  but  have 
wood-cells  marked  with  glandular  dots  and  a  large  (not  small)  embrro, 
besides  other  points.  The  species  are  not  numerous,  but  are  widely 
diffused.  The  petals  of  Hamamelis  are  circinate  in  aestivation. — Vaiiou.* 
'species  ot  Liquidamhar  yield  the  pungent  resin  called  Storax.  L.  styracifiua 
(North  America)  is  an  ornamental  tree,  the  handsome  5-fid  leavefi  of 
which  turn  red  in  autumn ;  its  resin  contains  much  benzoic  acid.  Mo^t 
of  the  "  liquid  Storax  "  of  commerce  comes  from  the  East,  probably  from 
L.  orientale  in  the  Levant,  and  X.  AUingia  in  the  Malay  islands.  The 
bark  of  these  trees  is  also  acrid  and  bitter. 

Bruniace^  is  an  Order  of  Heath-like  shrubs,  mostly  found  at  the 
Cape  of  Good  Hope,  of  unknown  properties ;  in  structure  apparently  con- 
necting the  Hamamelidaceie  with  the  Umbellifene,  having  an  episrynuai 
disk,  and  the  heads  of  flowers  sometimes  surrounded  by  involucnu  bracts: 
but  the  petals  are  valvate.  They  have  some  degree  of  aflinity  to  MttIai'^-jp 
also,  thus  bringing  these  into  relation  with  the  Caprifoliace®  and  allied 
Orders. — ^Genera :  Brunia,  L. ;  Staavia,  Thunb. 

UMBELLH^EB^  oe  APIACEiE. 

Coh,  Umbellales,  Benih,  et  Hook, 

Diagnosis, — Herbs,  generally  with  fistular  stems,  alternate  ex- 
stipulate  leaves  sheathing  at  the  base,  and  generally  deeply  divided : 
the  regular  hermaphrodite  flowers  in  umbels ;  the  tube  of  the  calyx 
completely  adherent  to  the  ovary;  the  5  petals  and  5  stamens 
springing  from  the  disk  crowning  the  ovary  and  surrounding  the 
base  of  the  2  styles  (fig.  385)  ;  the  fruit  consisting  of  2  separating, 
seed-like,  dry  carpels. 

Churacter, 
Thalamus  concave,  forming  with  the  base  of  the  calyx  a  tube 
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(flower-tube,  calyx-tube)  adherent  to  the  oYary.  Calyx  limb 
S-toothed«  ring-like,  or  undistingmshable.  Corolla :  petah  5, 
distinct,  springing  from  the  outside  of  the  ileshy  disk,  mostly 
inflexed  at  the  point,  sometimes  bifid,  often  unequal  in  size. 
JBlamens  5,  alternate  with  the  petals  and  emerging  with  them,  in- 
curved in  the  bud.  Ovary  inferior,  2-celled,  composed  of  2 
coherent  carpels,  surmounted  by  a  double  fleshy  disk  or  stylopod, 
from  which  project  2  divergent  styles ;  stigmas  simple ;  ovules  1 
in  each  cell,  pendulous.  Fruit  consisting  of  2  seed-like  halves 
(meriearps)  separating  at  the  commissure,  remaining  attached 
above  to  a  forked  carpophore  (fig.  388),  which  was  previously 
enclosed  between  them ;  each  mericarp  an  indehiscent  1-seeded 
body,  with  the  pericarp  developed  into  longitudinal  ridges  (juga)^ 
5  primary  and  sometimes  4  secondary,  with  intervening  channels 
(valleculas^  in  which  often  exist  lines  of  oil-bearing  tissue  called 
vitUB ;  embryo  in  the  base  of  abundant  homy  perisperm. 


Fig.  386. 


Fig.  385. 


Fig.  387. 


Fig.  388. 


PiK.  385.  Verticsl  section  of  the  flower  of  FanicHlum, 

Fif .  386.  CroM  Mction  of  the  fruit  of  Daueut. 

^.  387.  Froit  of  Anikritcu*, 

Fif  .  388.  Bipe  (rait  (merioarpe)  of  Qnman  lepantiiiK  from  the  ourpophora. 

Illustbatiyb  Geneha. 


^ries  I.  Hbtbrosciadi^.    Urn- 
Mt  ffeneraUy  simple ;  vitta  none. 

Hydrocotyle,  Toumef. 
Mulinnm^  Pers. 
Sanicula,  Toumef, 
Astrantia,  Toumef. 
Eryngium,  Toumef. 


Series  2.  Haplozyoi^.  Umbels 
compound:  primary  ridges  of  fruit 
alone  conspicuous ;  vitUe  rarely  ahsetU, 

Echinophora,  L, 
Conium,  Z. 
Cicuta,  Z. 
AnthriscuB,  L. 
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(Enanthe^  Lam, 
^Ethusa;  L, 
Angelica.  Hoffm. 
Ferula,  Z. 
Heracleum;  L. 


Series  3.  Diplozy&'JB-  UmM  \ 
computmd;  fmit  with  baih  prtfnan,' 
and  secondary  ridget  weli  tncarked, 

Coriandrum,  L, 
Daucus,  L. 
Thapsia,  L, 

AAnltlM,  Ao. — The  floral  confonnation  may  be  thus  expressed :  |  S  S 

P  6  A  5  G  2.    The  arrangement  of  the  genera  above  given  is  that  of 
Beutham  and  Hooker,  who  greatly  reduce  the  number  of  genera  cited  by 
other  authors.   By  De  CandoUe  the  UmbelUfers  were  grouped  under  three 
Suborders : — 1.  Orthoapermea ;  perisperm  flat  on  the  inner  face :  2.  Campy- 
loapermea ;  perisperm  involute,  with  a  vertical  sroove  on  the  inner  face : 
8.  CoelospermetB ;  perisperm  inflexed  above  and  below.    The  plants  of  this 
very  extensive  and  important  Order  are  in  general  readily  recognizable 
by  their  inflorescence  and  fistular  stems ;  but  these  characters  are  not 
always  present,  even  in  the  indigenous  forms ;  and  it  is  instructive  in  this 
respect  to  examine  the  genera  Sanicula  and  HydrocotyUj  where  the  umbels 
are  little  developed,  and  Eryngium^  where  the  flowers  are  sessile  and  the 
involucral  bracts  so  much  developed  as  to  give  the  umbels  the  appearance 
of  the  capitula  of  Composites.    These  deviations  from  the  ordinary  habit 
are  still  more  striking  in  some  of  the  exotic  genera ;  for  Hor^Mia,  a 
Javan  tbrm,  has  capitulate  heads  arranged  in  panicles ;   and  BtAax^  an 
Antarctic  genus,  grows  in  a  tufted  manner,  with  imbricated  leaves  and 
nearly  sessile  umbels,  so  as  to  assume  the  outward  appearance  of  some  of 
the  alpine  species  of  Androsace.    In  some  of  the  fpsnera  the  leaves  are 
entire,  or  the  stalk  of  the  leaf  expanded  into  a  blade-like  form  (Bupleurum, 
Eryngium),    The  essential  character  of  the  order  lies  in  the  fruit,  by 
which  they  are  known  from  all  other  plants.    The  form  of  the  fruit,  the 
structure  and  arrangement  of  the  ridges  and  vittse  upon  the  pericarp, 
together  with  the  form  of  the  perisperm  of  the  seed,  and  the  characters 
presented  by  the  inflorescence,  furnish  the  characters  by  which  the  Order 
IS  subdividecl ;  the  latter  character,  although  formerly  regarded  as  primary, 
is  now  found  to  be  too  inconstant  for  that  purpose.  * 

The  relations  of  the  UmbellifersB  are  closest  with  the  other  epigynous 
CalyciflorsB  with  definite  stamens,  especially  Araliaceie  (from  which  their 
fruit  diflers),  the  Rubiaceae  (which  have  sympetalous  corollas  and  op- 
posite leaves  and  interpetiolar  stipules),  andl  the  Comaceae  (where  the 
leaves  are  partly  opposite,  the  flowers  tetramerous,  and  the  fruit  succulent). 
In  habit,  as  well  as  in  dicarpellary  structure,  some  of  the  Umbellifene 
approach  the  Saxifragaceee.  The  resemblances  to  Geraniacese  seem 
rather  superficial :  the  carpophore  is  of  very  distinct  character. 

DiBtribatlon. — Abundant  in  the  northern  and  central  parts  of  Europe, 
Asia,  and  America ;  common  upon  the  mountains  of  warmer  regions,  and 
again  met  with  in  the  Southern  hemisphere;  but  chiefly  as  dwarf  and 
aberrant  forms. 

QoalitlM  and  Ums. — Several  distinct  classes  of  active  secretions  occur 
in  the  plants  of  this  Order,  which  in  some  are  extremely  powerful,  and  in 
others  slightly  developed.  The  most  important  consist  of  acro-narcotic 
poisonous  substances  m  solution  in  the  watery  juices ;  the  second  are 
gum-zeainous  substances,  and  becoming  miU^  when  exposed  to  the  air; 
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4ad  tke  third  m  aroiDatic  oils  especially  developed  in  tlie  vittn  of  the 
pericsipa.  Mauj  bave  the  wsteiy  juicea  luuocuous  aiid  the  piiiu-resinouB 
atcretioo  mild,  i«  that  tbey  become  eeculent  vejretablea,  -whicli  are  ren- 
itnd  nil!  more  bLuid  when  they  acquire  a  more  succulent  condilion  under 
cottitsdoD.  The  abeeDce  ot  ii^ht  baa  a  remarkable  eH'ect  in  prevenling 
:h^  dt9T«lopnient  of  the  aromatic  principle?,  as  is  seen  in  blanched  gardisii 
C«lerr  Bud  other  aaet. 

Rg.  389. 


T  of  the  poisonous  kinds  are  indigenous,  one  of  which,  Cam'um 

n,TIi>nilock  {&g,  380),  lain  use  in  medicine  aa  an  anodyne.  jSAiua 

^'Bpimii,  Fool's  Parsley,  ia  a  common  weed  ;  Circiita  viroia,  Water 
ntmJack,  ia  not  uncommon ;  C.  maculnta  of  North  America  is  equally 
poisonoiuj  (Enanllie  crocala,  Hemlock  Uropwort,  (E.  Phellimdritnn,  and 
''""*  ipeciea  are  noted  as  poisonous,  althoufih  they  lose  the  property  under 
'eniio  dicumstancee.    j^hritcia  lylsutru  and  culgarit  are  said  to  be 
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poisonous.  Accidents  occur  from  the  resemblance  of  the  foliage  of  these 
plants  to  Parsley,  an< .  of  the  roots  of  (Etumthe  and  others  to  Paraneps. 
Mydrocoiyle  asiatica  is  used  in  cases  of  leprosy. 

The  plants  fumishii  g  the  antispasmodic  gum-resins  are  mostly  natives 
of  warmer  regions  tha  a  the  poisonous  kinds,  and  some  doubts  exist  as  to 
the  exact  species  which  yield  certain  of  these  substances.  Asafcetida  b 
believed  to  oe  derived  from  Narihex  Aaafcdida  and  Scorodosma  fcdida, 
Fenda  orientalia  (Morocco)  yields  an  analogous  resin.  Sagapenum  is 
supposed  to  be  obtained  from  another  species  of  Fenda.  Gum  Am- 
moniacum  is  from  a  Persian  plant  called  Dorema  Aminoniacum  and 
Dorema  gummiferum,     Opoponux  is  the  resin  of  Pastinaca  Opoponax 

iOpopmiax  Chiranum)*    The  source  of  Gum  Galbanum  is  supposed  to  be 
''eriUa  galbanifiua  and  fntbricaulis. 

The  flavour  of  Celery  [Apium  graveolen8\  Parsley  (Pefrogelmum  «i- 
ttvum)y  Fennel  (^Fcenunilum  vulgare),  Angebca  {ArckatigeUca  t^ficmalU), 
Eryngo  {Eryngium  maritimum  and  campestre)^  of  the  Carrot  {Daucus 
Carota),  and  the  Parsnep  (Pastinaca  saliva)  depend  on  a  volatile  oil  con- 
tained in  the  rind  and  leaves;  but  more  concentrated  in  the  vittse  of 
the  pericarp,  which  renders  the  fruits  of  these  plants  powerfully  aromatic, 
whence  they  are  often  used  for  flavouring  in  cooking ;  the  fruits  of  the 
Caraway  (Carum  Carui)^  Dill  (Afiethum  grareolens),  Coriander  (Cori-- 
andrum  sativum),  Anise  {Pimpitieila  Anisttm),  Cummin  {Cttminum  Cyrfti- 
num)j  Ammi  copttcutn,  and  others  are  especially  valued  for  these  essential 
oils. 

The  roots  of  the  Carrot  and  Parsnep,  the  root  of  Arrachaca  esculenia 
(New  Granada),  the  stem  and  petioles  of  Celery,  when  rendered  very 
succulent  by  cultivation,  retain  only  a  moderate  quantity  of  the  aromatic 
oils,  and  are  then  chiefly  valuable  for  their  saccharine  and  mucilaginoua 
qualities.  Samphire,  made  into  pickles,  is  Crithmum  maritimuniy  a  specie.'* 
growing  on  maritime  rocks.  The  roots  of  Chervil  (Anthn'scus  CerefoUum) 
were  formerly  eaten.  The  tubers  of  the  species  of  Bunium  are  edible. 
Alexanders  {8?nymium  Olusatrum)  was  formerly  cultivated  like  Celery. 
Sumbul  root  is  the  produce  of  Euryangium  SumbtU,  and  is  employed  as  a 
tonic  and  stimulant. 

ARALIACEiE  (the  Ivy  Ordkb)  consists  of  herbs,  shrubs,  or  trees, 
with  characters  resembling  those  of  UmbellifeTCe,  but  usually  with  more 
than  2  styles,  and  the  fruit  3-  or  several-celled,  succulent  or  dry,  ^'ith 
one  perispermic  seed  in  each  cell. — Illustrative  Genera:  Panax,  L.; 
ArahOf  L. ;  HederOy  L. ;  Aelara,  L, ;  Gunnera,  L. ;  Helwmgia,  Willd. 

Affinities,  fte. — ^The  Araliaceae  stand  very  close  to  the  Umbelliferse,  bat 
may  be  distinguished  by  the  ovary  having  more  than  2  carpels.  Most  of  the 
plants  have  also  a  valvate  aestivation  of  the  corolla,  while  it  is  imbricated 
in  the  Umbelliferee :  there  are  some  exceptions  to  the  rule  in  the  latter 
Order ;  and  Adoxa  is  an  exception  here.  Seemann  separates  as  a  distinct 
Order,  under  the  name  Hederaceae,  all  Umbelliferous  plants  with  valvate 
petals  and  a  fruit  composed  of  two  or  more  carpels.  The  true  Araliads^ 
according  to  this  author,  have  imbricated  petals.  They  aie  not  so  exelu- 
eively  herbaceous  as  the  Umbellifene,  some  beinff  trees,  and  some  climbiog 
shrubs,  which  latter  bring  the  Order  into  relation  with  theVitaceae. 
They  are   nearly  allied  to  Caprifoliacese,  which  have  a  sympetalous 
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WTolla.  Adora^  referred  to  Caprifoils  by  Bentbam  and  Hooker,  is  re- 
maricable  for  its  stamens,  wbich  nave  a  bipartite  filament,  each  half  bear- 
iv  a  separate  anther-lobe ;  it  also  presents  liowers  with  4-  and  5-merous 
corollas  in  the  same  inflorescence.  Gunnera^  an  aberrant  form,  included 
Qixi«r  Halorageae  by  Bentham  and  Hooker,  is  in  some  cases  dioecious,  has 
t  dimerous  perianth  of  two  whorls  or  none  at  all,  and  2  stamens,  and  a 
i-eelled,  l-seeded  ovary ;  Q.  teahra  is  remarkable  for  its  enormous  leaves, 
i»  much  as  8  feet  in  diameter,  on  stalks  like  those  of  Eheum.  Hehoingia 
is  naisexual,  and  is  made  a  type  of  a  distinct  Order  by  Decaisne  and 
others.  Its  flowers  are  collected  on  the  midribs  of  the  leaves  or  bracts, 
&om  the  adherence  of  the  peduncle,  somewhat  as  in  TUia.  Beemann 
indodes  in  his  proposed  group  of  Hederace®,  on  account  of  their  valvate, 
sot  imbricate,  petus,  CYithmum,  Hors/ieldia,  some  species  of  Hydrocotyle^ 
lad  gome  other  plants  usually  placed  in  Umbelliferse. 

OMriinitUm. — A  considerable  Oi*der,  distributed  throughout  all  climates 
lad  in  all  parte  of  the  world. 

QttalWM  and  Ums. — Aromatic  and  stimulant.  The  root  of  Panax 
Gaua90  is  highly  valued  by  the  Chinese  as  a  stimulant ;  P.  quinquefolwm 
is  exported  to  China  from  the  United  States  as  American  Ginseng. 
AT(Aa  muUcaufis  (United  States)  is  called  Wild  Sarsaparilla ;  A,  racemosa 
5v*lds  so  aromatic  gum-resin.  The  astringent  roots  of  Gurmera  scahra 
m  used  for  tanning,  and  the  fleshy  leaf-stalks  are  eaten.  The  berries  of 
It?  (ffedera  Helix)  are  emetic  and  purgative.  The  wood  of  some  of  the 
£t3t-Indian  species  is  resinous  and  aromatic.  The  substance  called 
B«e-paper,  prepared  by  the  Chinese,  consists  of  thin  slices  of  the  pith  of 
Tetrapaiuix  papyriferufn, 

C0RXACEJ2  (the  Dogwood  Order)  consists  of  shrubs  ^^g-^^* 
or  trees  (rarely  herbaceous),  almost  always  with  opposite  and 
exiti]mlate  simple  leaves;  flowers  4-5-merous,  sometimes 
^eKnons ;  the  tube  of  the  calyx  adherent  to  the  1-2-celled 
^i^vy,  its  limb  minute ;  the  petals  (valvate  in  the  bud),  with 
i^  many  stamens,  inserted  on  the  margin  of  an  epigynous  disk 
IB  the  perfect  flowers ;  style  1 ;  a  single  anatropous  ovule 
*^nded  from  the  top  ot  each  cell ;  tne  fruit  orupaceous, 
l-2-»eeded  (fig.  390) ;  embryo  nearly  the  length  of  the  peri- 
'P^nn,  with  large  and  foliaceous  cotyledons. — Illustrative  Rip«  fruit 
^^oera :  CbnuM,  Toumef.;  ^iMTufta^Thunb.  ofGwnti*. 

AaattlM,  te. — The  chief  distinctions  from  the  Araliacese  lie  in  the  in- 
ioiwcence,  the  tetramerous  structure  of  the  flower,  the  usually  opposite 
^vea^  the  2-carpellary  ovary,  and  the  simple  style ;  from  Umbeliifersd 
fli«  fint  two  characters  divide  them,  together  with  the  single  style,  and 
ia  most  cases  the  habit ;  Caprifolittcese  are  distinguishable  by  the  sym- 
petibas  corolla.  HaloragacesB  differ  in  habit  and  distinct  styles,  but  are 
onuiected  with  this  group  through  Gunnera, 

IMrtrlbotton. — ^A  small  Order,  the  members  of  which  are  natives  of  the 
Operate  parts  of  America,  Europe,  and  Asia. 

Qoaltties  and  Uses. — The  bark  of  various  species  of  Comtis  is  esteemed 
u  I  tonic  and  febrifuge;  C,  Jlorida  &c.  axe  used  in  North  America  in 
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place  of  Cinchona;  Cotnus  sangmneay  Dogwood,  is  a  common  he^^<< 
shrub.  C.  masctilay  the  Cornelian  Cherry,  b^irs  fruit,  which  is  now^  lit;.'tA< 
esteemed.  Aueuba  japofiica^  the  yariegated  or  ''  Cuba  "  Laurel  of  ow 
shrubberies,  is  the  female  form  of  a  dioecious  Japanese  plant,  propaga.t^Md 
in  thousands  by  layers,  but  tiU  lately  never  producing  seeds.  Since  tlic 
introduction  of  the  male  plant,  however,  the  scarlet  olive-shaped  berrie^i 
are  produced  in  profusion ;  and  numerous  varieties  have  been  raised  &ozn 
seedL 

Division  IT.  Gamopetala  or  CorolliflorsB. 

Dicotyledonous  Flowering  plants  having  both  calyx  and  oorolJA, 
the  latter  sym-  or  gamopetalous  and  springing  directly  from  the 
receptacle  ;  the  stamens  mostly  adherent  to  the  corolla  (epipetalous^, 
rarely  free  and  arising  with  the  corolla  from  the  receptacle. 
Gynaecium  usually  syncarpous. 

Exoeptloiui,  fto. — The  prevailing  floral  formula  isS5|P5A5G2,  but 
similar  anomalies  to  those  noted  under  the  other  Subclasses  occur  in  some 
Orders  which,  on  the  whole,  are  CoroUifloral.    Thus,  among  Ericacesey  the 
Suborder  Vaccini€€B  is  properly  Calvcifloral,  and  the  same  thing  occurs  in 
StyracacesB  and  elsewhere;  among  the  Ericacese  and  Epacridaceee  we  sorac^ 
times  have  the  Thalamifloral  condition,  the  petals  bemg  distinct  and  the 
stamens  hypogynous.    In  Primulacead,  OleaceUf  and  Planta^naceas  ape- 
talous   and   polypetalous  species  occur.    In   Lobeliaceee,  JPrimulaceae!^ 
Myrsinacese,  Sapotacese,  Styracaceas,  Jasminace»,  and  Plumbaginacese 
dialypetalous  corollas  occur,  but  with  epipe talous  stamens ;  and  also,  in 
some  cases,  apetalous  flowers  with  hypogynous  stamens,  which,  strict Ir 
speaking,  would  be  Monochlamydeous.     These  (and  many  other  cases 
might  be  noted)  indicate  the  continual  occurrence  of  *'  cross  relations  " 
between  the  ^ups  of  Orders,  which  render  it  verjr  difficult  to  arrange 
the  Orders  satisfactorily,  and  show  that  any  linear  series  is  quite  artificiu. 
The  Gamopetalous  Ordera  may  be  grouped  accordins^  to  the  position  of 
the  ovary,  superior  or  inferior,  thft  number  of  carpels,  the  regularity  or 
irregularity  of  the  corolla  ana  stamens,  &c. ;  but  m  any  case  allowance 
must  be  miade  for  exceptions. 

Series  1.  Ikfebj:  or  EpiotkuB. 

Ovaiy  usually  inferior.     Stamens  isomerous  with  the  lobes  of 
the  corolla,  rarely  fewer. 

CAPEIPOLIACEiE,    The  Hokktsuokle  Obdeb. 
Ooh,  Rubiales,  Benih,  et  Hook, 

Diaffno8t8. — Shrubs  or  rarely  herbs,  with  opposite  leaves  and  as,  a  rule, 
no  stipules ;  the  tube  of  the  flower  adherent  to  the  ovary ;  the  stamens 
as  many  as  (or  one  lees  than)  the  lobes  of  the  tubular  or  rotate  epigynous 
corolla,  and  attached  to  its  tube ;  ovary  l~6ocelled;  often  vrith  1  ovule  in 
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cue  cell  ftnd  several  in  the  others ;  style  1 ;  stigmas  3  or  5 :  fruit  indehis- 
feat,  dij  or  succulent,  1-  or  more-celled;  seeds  solitary  or  numerous, 
Pi^nloiis :  embiyo  in  fleshy  perisperm. — Illustrative  Genera :  DiermUa, 
^oarod. ;  Lonicera,  Desf. ;   Vibiimum,  L. ;  Samhucus,  Toumef. 

AflinltiM,  A«. — This  Order  is  usually  subdivided  into  two  Suborders : — 1 . 
Loniixres,  with  a  tubular,  regxdar  or  irregular  corolla,  a  filiform  style,  and 
fe«d8with  a  dorsal  raphe ;  and  2.  Sambucese,  with  regular  rotate  corollas, 
%  aesale  sdgmas,  and  seeds  with  ventral  raphe.  It  connects  the  sym- 
p<^aloiB  Rubiaces,  Loganiacese,  and  their  allies  with  the  dialypetalous 
OimKreie  and  Umbelliferse.  Through  the  EacaUonietB  it  is  also  connected 
with  the  Saxifragacese. 

Dlgtrtlnitlon. — A  considerable  Family,  distributed  chiefly  in  the  northern 
pirts  of  Asia,  Europe,  and  America. 

Qoalltles  and  Ums. — Some  of  the  plants  possess  powerful  purgative  and 
€fflf-tie  properties,  as  in  the  case  of  the  leaves  of  the  Elder  (Samhucus  nigra)  j 
i the Gaeidres Rose  (Vibumum  Opulus),  the  Common  Honeysuckle  (Lo- 
mrrra  Phiefytnenum)f  and  Triosteum  perfoUatum  (North  America).  The 
froite  seem  comparatively^  destitute  of  this  property,  that  of  our  Elder  and 
iHhen  being  made  into  wine  ;  the  berries  of  J^bumum  are  eaten  in  North 
Aoerica ;  and  those  of  SymphoricarpttSj  the  Snow-berry  of  our  shrub- 
fc^es,  appear  to  be  harmless.  The  fragrance  and  beauty  of  the  flowers 
ire  marced  characters  of  the  Order.  Besides  Honeysuckles,  species  of 
Lmieera  and  CaprifoUumjthQ  Elder, the  species  of  Vimmum  (J\  Opulus, 
nowQ  in  gardens  tor  its  balls  of  white  neuter  flowers,  F.  Lantana,  the 
Qealy  Gneldrea  Rose,  V,  Tinus,  the  Laurustinus  shrub),  ^frnphoricarpw, 
£c.  are  found  in  e^ery  shrubbery.  By  Bentham  and  Hooker  the  cunous 
little  genus  Adaxa  is  included  in  this  Order. 


BUBIACEiE.    The  Maddeb  Obdeb. 

Coh,  Hubiales,  BerUh,  et  Hook, 

Liagnom. — Herbs,  shrubs,  or  trees,  with  opposite  entire  leaves  con- 
iect>d  by  interposed  stipules,  or  in  real  or  apparent  whorls  with  stipules 
Tt^embliiQg  the  leaves ;  the  calyx  adherent  to  the  2-4-celled  ovary ;  the 
tamens  as  many  as  the  lobes  (3^)  of  the  regular  epigynous  corolla,  and 
tprioging  firom  its  tube ;  ovules  anatropal ;  embryo  penspermic. 

Character, 

Tk(d(umu  concave,  together  with  the  calyx  tube  adherent  to  the 
ovary.  Calyx  limb  entire  or  4-6-toothed,  sometimes  obsolete. 
CamUa  sympetalous,  regular,  with  a  long  tube,  or  rotate,  its  seg- 
ments equal  in  number  to  the  teeth  of  the  calyx.  Stamens 
usually  equal  in  number  to  the  lobes  of  the  corolla,  and  attached 
in  one  line  upon  it,  alternately  with  them.  Ovary  inferior, 
uoally  2-cellea,  with  an  epigynous  disk  ;  style  single,  sometimes 
>^tly  diyided ;  stigmas  united  or  divided ;  ov%^  solitary,  2  or 
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many  in  each  cell.  IVuit  splitting  into  two  dry  cocci,  or  inde- 
hiscent,  and  then  dry  and  succulent,  2-celled,  2-  or  many-seeded ; 
seed^^  if  definite,  erect  or  ascending,  or  numerous  on  azile  pla- 
centas ;  embryo  in  homy  perisperm. 

Fig.  S91, 


a 


Rubia :  a,  flower,  nat  siie,  showing  obtoUte  cftlyr,  gamopetelona 
corolla,  &0. ;  6,  eeotion  of  the  flower. 

iLLtTSTRATIVE  GeNRRA. 

By  Bentham  and  Hooker  the  immense  Order  RubiacesB  is  divided  into 
twenty-live  tribes,  which  latter  are  grouped  into  series  and  subseries  as 
follows: — 
Series  I.  Ovules  indefinite, 

Subseries  1 .  Fruit  dry,  capstdar,  or  indehiscent. 
Tribes — NaucleflB,  Cinchoneae,  IlenriquezieaB,  Condaminese,  Ron- 
deletiesB,  Hedyotideaa. 
Subseries  2.  Fruit  fleshy  or  coriaceous  indehiscent. 
Tribes — MussaendesB,  IlameliesB,  Catesbaeese,  Qardeniess. 
Series  II.  Ovules  geminate  in  each  cell. 

Tribes — Cruckshanksieae,  Retiniphylleae, 
Series  III.  Ovtden  solitary  in  each  cell, 
Subseries  1.  Radicle  superior. 

Tribes — Guettardeae,  Knoxieae,  ChiocooceaB,  Alberteas,  Vanguerxeae. 
Subseries  2.  Radicle  inferior. 

Tribes — Ixorece,  Morindeaa,  Coussareae,  Psychotrieas,  Poederieae, 
Anthospermeie,  SpermacoceaB,  GalieaB. 
The  distinctions  between  the  Tribes  are  founded  on  the  aestivation  of 
the  corolla,  the  winged  or  not  winged  seedS;  the  nature  of  the  inflorescence, 
and  of  the  fruit,  &c. 

AfinltlM,  %0i — ^The  RubiaceaB  are  often  divided  into  two  Orders,  Cincho- 
naceae  and  Galiaceae^  or  Stellatae,  the  latter  including  all  the  genera  with 
large  foliaceous  stipules,  or,  as  they  are  termed,  whorleii  leaves :  the  distinc- 
tion does  not  appear  to  be  sufEcient.  The  presence  of  interpetiolar  stipules, 
either  small  or  imitating  leaves,  is  the  prmcipal  character  separating  this 
Order  from  Caprifoliaceae,  where,  however,  Lindley  observes  that  they 
sometimes  occur  as  monstrous  growths.    This  Order  also  runs  very  clo&e 
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to  IjofFudmceatf  being  chiefly  diBtinguished  by  its  inferior  ovary;  the  Loga- 
ciaces  thus  connect  it  with  l^entianacece  and  the  allied  CoroUi floral  Orders. 
Tbe  fruits  of  the  Galia,  and  of  some  of  the  Coffea,  nearly  relate  them 
•D  the  Umbellif erse ;  from  which,  however,  they  may  be  at  once  known 
br  the  gamopetalous  corolla.  OperciUariaf  an  aberrant  genus  with  a  1- 
t  riled,  l-tiieeded  ovary,  connects  the  Order  with  Dipsacese ;  and  the  inflo- 
r>-^cence  of  some  kinds,  as  Cephalanthus,  Bichardsonia^  &.C.,  approaches  the 
Addition  of  the  capitula  of  that  Order  and  of  Compositee;  while  in 
ArffyropkyOum  the  stamens  are  syngenesious. 

Diitrllnitloii. — This  is  one  of  the  largest  Orders.    The  StelkdcB  or  GaUem^ 
bt-Iong  to  the  cool  P^u^  of  the  Northern  hemisphere  and  the  mountains 
<  f  the  Southern.    The  Coffete  and  Cinvhonea  are  chiefly  natives  of  warm 
Ciiniates,  most  of  them  tropical. 

Qvalities  and  Uses. — The  Rubiace89  form  a  very  extensive  group,  and 

kclude  planta  with  a  considerable  diversity  of  properties.     Some  are 

vmetic  and  purgative  ;  others  febrifuge  and  tonic ;  others  stimulant  and 

restorative ;  some  aro  astringent ;  a  few  have  edible  fruits ;  some  yield 

\aluaUe  dye-etuflTs;  and  fragrant  or  showy  flowers  abound  in  the  Ch-der. 

Among  the  powerfully  emetic  plants  are  the  Ipecacuan,  the  oificinal  sub- 

prince  being"  the  creeping  rhizome  of  CephaeUs  Ipecacuanha,     Psychotria 

fmfiiea  furnishes  a  spurious  kind  called  black  or  streaked  Ipecacuan. 

^yiuirdaonia  seabra  and  emetica  yield  trhite  false  Ipecacuan.     Chiococca 

drngifolia  (Cahinca  root)  and  C.  anguifuga  have  similar  properties,  which 

t?<e  shared  hy  the  genera  Spermacoce^  Manettia^  &c.     Most  of  the  above 

Tilants  belong  to  Brazil.    The  two  species  of  Chiococca  above  named  are 

»r2mrded  as  specifics  against  snake-bites;   their  emetic  and  purgative 

^OD  is  described  as  excessively  powerful.     Some  species  of  Cephaelis 

lod  Pmfchoiria  are  still  more  active,  and  are  used  as  poisons  for  rats  and 

ndee  in  Brazil.     Coffee  consists  of  the  seeds  of  Coffea  arabicOf  two  of 

vhich  are  produced  in  a  succulent  berry.    It  is  believed  to  be  a  native  of 

AbyEnnia,  perhaps  also  of  Arabia,  but  is  now  widely  diflPused  in  cultiva- 

tioQ  in  the  £ast  and  West  Indies  and  Brazil.    Liberian  Coflee  is  a  native 

of  Western  Africa.    The  fruits  of  Oalium  are  said  to  bear  some  resem- 

bbnoe  to  Coffee  when  roasted. 

Cinchona,  Peruvian  or  Jesuits*  bark,  is  derived  from   several  trees 

Tt&tives  of  the  slopes  of  the  Andes,  at  an  elevation  of  about  7000-8000  feet, 

ttd  many  of  which  are  now  cultivated  in  India.    The  researches  of  Wed- 

dell,  Howard,  and  others  have  determined  the  source  of  most  of  the  kinds. 

(WAona  CaUsaya  gives  Yellow  or  Calisaya  bark ;  C  succirtibra,  Red  bark ; 

C.  nUida  and  nuerantha,  Grev  or  Huanaco  bark ;  C.  Condaminea  (var.  vera), 

Crown  or  Loxa  bark.     The  bark  of  various  species  of  Exosiemma  is 

Renown  as  false  Cinchona.    Species  of  Guettarda,  Pinckneya,  Rondeletia, 

Covtareoy  &c.  have  similar  properties.     The  extract  of  the  leaves  of 

Vnearia  Gamhir  is  a  powerful  astringent,  known  as  Gambeer  among 

the  Malays,  and  supposed  to  furnish  part  of  the  Catechu  of  commerce. 

Am(Hig>  the  fruits  may  be  mentioned  those  of  Genipa  (Brazil  and  Mada- 
gascar), Sarcocephaltis  esculentus,  the  Sierra  Leone  Peach,  &c.  The  berries 
of  BOme  Ooprosmee  aro  eaten  in  Australia,  and  aro  called  Native  Currants. 
Of  the  dyes,  Madder,  the  roots  of  JRtdna  tinctorum  (Europe),  jR.  cor- 
^oUa,  Monjeeth  (Bengal),  R,  Bdboun  (China),  and  R,  augustistima  aro 
the  most  important     Oldenlandia  umbeUata,  used  instead  of  Madder  in 
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the  EmI  Indies ;  species  of  Morinda,  Psychntria,  Genipa^  Condaminea,  &c. 
are  of  less  importance.  Guettarda  speciosa  furnishes  what  is  called  by 
cabinet-makers  "  Zebra-wood, '  from  the  West  Indies. 

Among  the  genera  noticed  in  the  list  above  are  found  many  of  our 
favourite  stove-plants,  noted,  like  Gardenia^  for  fragrance,  .or,  lite  Ixorn, 
for  their  splendid  blossoms  and  handsome  foliage.  Many  species  of  Galium 
are  common  weeds  with  us,  readily  known  by  their  star-like  whorb  of 
leaves  and  stipules. 

.#  VALERIANACE^  (the  Valerian  Order)  consists  of  herbs  with 
opposite  simple  or  compound  leaves  and  no  stipules;  the  tube  of  the 
flower  adherent  to  the  ovary,  which  latter  has  1  fertile  and  2  abortive  or 
empty  cells ;  the  limb  of  the  calyx  is  obsolete  or  forms  a  pappus  ;  corolla 
epigynous,  tubular,  3"6-lobed  (lobes  imbricate),  sometimes  spurred  at  the 
base ;  stamens  1-5,  distinct,  fewer  than  the  teeth  of  the  corolla,  attached 
to  its  tube,  alternate  with  the  lobes ;  seeds  solitary,  in  the  fertile  cell  of 
the  dry,  indehiscent,  sometimes  pappose  fruit,  pendulous,  aperispermic ; 
radicle  superior. — ^Illustrative  Genera :  Fedia,il{jdnch;  CaUrcuUfiua,  DC.; 
ValenanOf  Neck. 

AfllnitlM,  tei~This  Order  a])proaches  Bipsaceie  in  general  structure, 
sometimes  having  involucrate  inflorescence ;  hence  it  is  also  related  to 
Compositee,  Campanulacese,  &c. ;  but  the  peculiar  structure  of  the  ovary 
is  a  very  marked  character,  and  the  seed  of  Dipsaceie  is  perispermic.  The 
development  and  unrolling  of  the  pappus  of  Centranthus  and  others,  during 
the  ripening  of  the  fruit,  is  very  singular :  the  corolla  is  s\^rrounded  by  a 
thickened  nng,  which  subsequently  enlarges  and  expands  into  a  crown  of 
feathery  processes. 

Dlstrlbutloxi. — An  extensive  Order,  the  members  of  which  are  distributed 
throughout  the  temperate  parts  of  Europe,  Asia,  and  America. 

QnalitleB  and  Usob. — Many  of  the  plants  have  strong  aromatic  properties, 
whence  they  are  used  as  antispasmodic  and  tonic  remedies.  Valeriana 
officinalis f  Phu^  celticaj  and  Saliunca  are  all  used ;  V.  sitchensisj  from 
Kussian  America,  is  said  to  be  the  most  powerful.  Nardostacht/s  Jiatamatun 
(India)  is  suppo.'^ed  to  be  the  ancient  Spikenard.  Fedia  or  ValenaneUa 
olitoria  is  cultivated  for  salad,  under  the  name  of  Lamb's  Lettuce.  Cm- 
tranthus  ruber,  a  showy  plant,  with  abundant  cymes  of  small  rose- 
coloured  flowers,  is  found  in  most  gardens,  and  is  naturalized  in  Kent. 

DIPSACEiE  (the  Scabious  Order)  is  composed  of  herbs  with 
opposite  or  whorled  leaves,  no  stipules ;  the  flowers  in  dense  heads  sur- 
rounded by  an  involucre  as  in  Composite  ;  the  separate  florets  surrounded 
by  special'membranous  involucels ;  calyx  adherent,  limb  scaly  or  pappose; 
corolla  epigynous,  tubular,  mostly  irregular,  4-d-lobed,  inserted  on  the 
caljrx,  imbricated  in  aestivation ;  stamens  4,  sometimes  half-barren, 
attached  to  the  tube  of  the  corolla;  anthers  distinct;  ovary  1-celled, 
with  1  pendulous  ovule,  simple  stvle  and  stigma ;  fruit  indehiscent ;  seed 
perispermic  ;  radicle  superior. — illustrative  Genera :  Dipsacua,  Toumef. ; 
Scabiosa,  Kom.  et  Schult. 

AfllnitlM,  fro. — ^Nearly  related  to  Valerianacese  on  one  hand,  and  to  Com- 
poaitiB  on  the  other ;  distinguished  from  both  by  its  involucels  and  peri- 


GOBOLLIFLOBJB.  289 

«penDieseed;  from  Composits  especially  bj  the  distinct  anthers  and 
pefidnlous  seed. 

Dfrtrflmtloii. — ^The  species  number  about  120,  and  are  found  most 
abondantlj  in  Southern  Europe  and  North  and  South  Africa.  None  are 
.Imericao. 

QaMUtiM  snd  Usea. — Some  are  said  to  be  astringent.  The  Teazel 
Dipaaeut/uUomtm),  a  large  Thistle-like  plant,  is  of  ereat  importance,  its 
<iri'^  capitals  being  used  to  comb  up  the  nap  on  cloth,  the  hooked  bracts 
m>t  teanng  the  stuff  like  metal  instruments.  Many  species  of  Scabiosa 
,  Scabious}  are  cultivated  for  their  beautj ;  two  small-flowered  species  are 
ttUTes  of  Britain. 

CALTCSBACSiB  are  a  small  Order  of  South-American  plants,  interme- 
diate between  Dipsacess  and  Composite,  having  the  pendulous  perispermic 
^  of  the  former,  and  anthers  coherent  below  and  free  above,  so  as  to 
ipproach  the  sjng^nesious  character  of  the  latter  Order.  Properties  un- 
imown. — Genera :  Boopisy  Juss. ;  Calycera^  Cav. 


COMPOSITiE. 

Coh.  Compositales,  Benih,  et  Hook, 

Diagnosis. — ^Herbs  or  shrubs;  tho  flowers  in  dense  heads 
•3ipitula)  upon  a  common  receptacle  surrounded  bj  an  involucre  ; 
aiuoens  5  (rarely  4),  springing  from  the  corolla,  filaments  free  ; 
uthers  coherent  into  a  tube  surrounding  the  style  (s yngenesious) ; 
o^uy  inferior,  1-celled,  with  1  erect  ovule  ;  seed  aperispermic. 

Character, 

Capitula  at  the  extremity  of  an  enlarged  peduncle  surrounded  by 
an  involucre  of  bracts,  and  bearing  perfect  and  imperfect  florets 
closely  packed,  all  similar,  or  of  two  kinds,  those  of  the  centre 
or  disk  and  those  of  the  circumference  or  ray;  florets  often 
ieoompanied  by  membranous  scale-like  bracts  (jpalecs).     Calyx 


Fig.  392.  Fig.  303.  Fig.  304. 


I5-  ^  Beoepteole  of  tiie  DtoBj  with  the  floroto  remored. 

?frM.  BewfitMda  of  Dandelion  with  the  florete  removed;  bnets  of  the  ioTolaare  reflezed. 

'f'SM.  liaew  fft*|p"f  of  CompositPB. 

U 
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Fig-.  396. 


Ic  [Jut  with  pdn  it  tb 


Tig.  sat.  BtMm  el  teifitalBm  at  tComw^U  , ._  , 

tobolBf  taaolttt  muvinal  ]tj^U1« floreta. 
K|t.3M,  BfctioDof no smptrc^niToniDriGiinipoiita plant wiEbftF>I<H 
Fig.  MI.  TobnW  floM.    The  pappiu  »  maij. 


1ub«  of  ADthen  op«ud. 

adhersnt ;  limb  obsolete,  entire,  or  replaced  by  a  circle  of 
scatea,  briatles,  or  feathered  or  simple  hairs  (pappus),  whicb  if 
often  pereiatent,  GoTolla  ayrapetaloua,  epigynous  (fig.  397) 
and  funnel-abaped,  or  ijgulate  (fig.  398),  or  bilabiate.  Stamtm 
5,  alternate  with  the  t^th  of  the  corolla ;  JUamenU  diatinct ; 
antktrt  cohering  into  a  tube  round  the  style  (fig.  399).  Oiiry 
inferior,  l-celled,  with  1  erect  ovule  ;  itylt  simple  below,  bitid  >t 
the  apex,  with  a  distinct  ttigmatie  surface  on  each  branch  (fig»- 
394,  399).  Fruit  a  "  cypsela  "  (figs.  400-402),  indehiacent,  with 
1  erect  aperiapermic  seed,  often  crowned  by  the  pappus. 
This  extensive  Order  is  divided  into  three  Suborders. 
1.  TcBUUFLOBC.  Florets  all  tubular  and  perfect,  or  only  tbose 
of  the  centre  (dak)  perfect,  while  those  of  the  circmnference  >ra 


COBOLUFLOBJE. 


291 


tnbulsr  or  ligalste,  and  female  or  neuter.  —  2.  LABiATiFLOBiE. 
FloretB  with  bilabiate  corollas,  perfect  or  unisexual. — 3.  Liguli- 
Tio&JE.     Florets  all  ligulate  and  perfect ;  juice  milky. 


Jig.  400. 


Fig.  402. 


Fig.  401. 


n^  100-402.  Fraito  of  CompoAte  ittrmooiited  bj  the  pAppns.  In  fle.  400the  calyx-tube  ti 
elongated  above  the  fruit  in  the  shape  of  a  "  beak."  (Fiff.  402,  Tertdcal  aeo* 
tuNn,  showing  the  erect  seed.) 

ILLUSTBATIVE  GeNEBA. 

B^  Bentham  the  Composites  are  divided  into  tbirteeen  tribes: — 
L  VemonieiB.  XL  EupatoriesB.  UL  Asteroidese.  IV.  InuloideflB.  V. 
Hetiaothoidete.  VI.  HelenioidesB.  VII.  Anthemideae.  VIII.  Senecio- 
mden.  IX.  Calenduleas.  X.  ArctotideaB.  XI.  Cjnaroideo).  XII. 
Motifliaceie.    XIII.  Cichoraceffi. 

Tbese  tribes  are  founded  upon  the  uni-  or  bisexual  character  of  the 
fioreta  in  each  head,  the  form  of  the  florets  ^tubular,  ligulate,  &c.),  the  form 
^f  tbe  anthers  and  of  the  projections  from  tiieir  base  and  apex  respectively, 
the  forai  of  the  style  and  stigmas,  the  nature  of  the  pappus,  &c.  The  fol- 
lowing genera  may  be  takeu  as  representatives  of  the  above  tribes : — 

L  Vemoma,  U.  Evpaiorium.  111.  Aiter.  IV.  Imda,  V.  Helian" 
tktu,  \h  Tagetea.  VII.  Anthemis.  VIII.  Scnecio.  IX.  Calendula, 
X.  Antoiia,    XL  Cardutu.    XII.  Mutisia*    XIII.  Taraxacum, 


> — ^This  Order,  which  is  the  most  numerous,  and,  by  some 
vithors,  regarded  as  the  most  perfect  in  the  Vegetable  Kingdom,  is  like- 
▼iss  very  natural,  its  distinguishing  features  bemg  very  evident  in  almost 
«^ery  ^us.  From  its  nearest  alhes,  Dipsaceae  and  Calyceracese,  it  may 
be  dJBtingniahed  by  the  condition  of  the  anthers  and  the  ovule.  The 
^iigenesions  condition,  and,  in  some  measure,  the  general  structure  of  the 
norets,  ligulate  and  tubular,  indicate  a  near  relation  also  to  Lobeliacese 
ud  CampanulacesB,  wherein,  however,  the  flowers  are  not  only  laige  and 
mattered,  but  the  OTaries  have  more  than  one  cell,  with  many  seeds  in 
eichcelL  ^^  ^^  ^^ 

The  floral  formula  is  |  S5PP5A5G2,  but  the  nature  of  the  calyx 
^pappus  is  undetermined.  Two  difierent  views  are  held  as  to  the 
nttnre  of  the  pappus.  Some  (as  Lund,  Treub,  Buchenau)  look  on  it  as 
tnilj  a  modified  calyx :  Warming  considers  it  in  the  li^ht  of  trichomes 
oTDftin  having  no  definite  position  or  order.  Hofmeister  regards  the 
F^ppos  of  Compoeitea,  ValenanacesB^  and  Dipsaceae  as  a  whorl  of  leafy 
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formations^  and  considers  it  probable  that  each  hair  is  the  representative 
of  a  leaf.  In  the  development,  however,  the  corolla  precedes  the  calyx, 
which  is  often  represented  by  a  mere  rim,  so  as  to  render  it  doubtful 
whether  a  true  calyx -limb  really  exists. 

The  subdivisions  of  this  Order  are  differently  given  by  different  authors. 
The  most  recent  revision  is  that  of  Bentham  above  cited.  The  Orders  of 
the  Linnean  Class  Svngenesia  correspond  to  Composite.  Tubuliflorse, 
as  above  given,  includie  the  Corymbiferae  of  some  authors,  in  which  the 
style  of  the  perfect  iiowers  is  not  swollen  below  the  stigma,  and  the 
('vnareae,  where  the  outer  florets  are  often  neuter  and  the  stvle  is  swollen 
below  the  stigmas.  The  tribes  of  the  Composite  established  bv  De  Can- 
doUe  depend  on  the  condition  of  the  style  and  its  stigmatic  lobes.  The 
characters  of  the  genera  are  chiefly  derived  from  the  conditions  of  the 
involucre,  the  cypselous  fruit,  and  the  pappus. 

Distribution. — ^The  species  are  more  numerous  than  those  of  any  other 
family,  more  than  ten  thousand  being  known,  and  are  universally  distri- 
buted, forming  one  eighth  of  the  Phanerogamia  of  Central  Europe ;  the 
TufnUiflartB  are  most  abundant  in  hot  climates,  the  Cichorace€B  in  cold. 
The  Lahtati/lo$'€e  belong  almost  entirely  to  extratropical  South  America. 
In  the  northern  hemisphere  the  Compositse  are  all  herbaceous ;  in  South 
America  and  some  other  parts  of  the  southern  hemisphere  they  are  some- 
times shrubby.  Fossil  Composites  are  first  found  in  the  Upper  Miocene 
beds  (Saporta). 

Qualities  and  Uses. — The  plants  of  this  Order  are  not  generally  charac- 
terized by  any  very  poweruil  properties:  bitterness  is  the  prevailing 
quality,  accompanied  by  aromatic  secretions  in  the  Cotymhi/et'Oi,  and  by 
a  special  lactescent  juice  in  the  Cichoraceaj  which  often  contains  a  more 
or  less  active  narcotic  principle. 

Among  CorymbifercB  mav  be  noticed  a  number  of  genera  possessing 
considerable  importance,    'f  he  AHemisitBf  or  Wormwoods,  are  numerous ; 
A,  Absinthium  and  pontica  are  Wormwoods  proper,  and  with  some  other 
species  are  used  not  only  as  anthelmintics,  as  their  name  indicates,  but  for 
preparing  the  bitter  liqueurs  called  Absinthe  or  Vermuth  ;  A.  Dractmcttlus 
IS  tne  Tarragon,  the  leaves  of  which  are  used  in  salads  and  pickles ;  A. 
Abrotanum  is  Garden   Southernwood,  used   also  for  its  bitter  flavour. 
Most  of  the  other  species  have  similar  properties ;  the  flower-heads  of 
A.  Contra,  Sieberiy  wivciflora,  VahHana,  &c.  are  known  on  the  Continent, 
under  the  name  of  Semen  Cinae  or  Semen  Contra,  as  powerful  vermifuges. 
A.  chinensis  furnishes  Moxa.    Anthetnis  nobilis^  the  Camomile,  Matricaria 
Chamomilla,  and  Pyreihrum  Parthenium  are  valued  for  aromatic  bitter 
and  tonic  properties ;  the  species  of  Achillea  are  astringent,  or  in  some 
cases  pungent,  which  is  stiU  more  the  case  with  Anacydus  Pyrethrmn, 
called  Pellitory  of  Spain,  and  A.  ojficinarum,  the  dried  roots  of  which 
provoke  an  active  flow  of  saliva,  and  are  used  as  a  remedy  for  toothache : 
in  a  fresh  state  these  roots  are  acrid ;  and  this  is  still  more  the  case  with 
Maruta  fcetida.     Arnica  montana,  a  plant  of  the  mountains  of  Central 
Europe,  is  narcotic-acrid  and  poisonous,  except  in  small  doses ;  its  tincture 
has  a  powerful  influence  in  exciting  the  circulation  beneath  the  akin  with- 
out producing  vesication.    Doronicum  Pardalianche»  is  said  to  have  similar 
properties,  as  also  some  species  of  Inula ;   Inula  Heienium^  however,  is 
merely  aromatic  and  tonic ;  it  is  known  under  the  name  of  Elecampane. 
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Stmie  species  of  Eupatoriumj  includiog  our  native  E.  catmabinum,  are 
fme-Hc  and  purgative ;  E.  Ayapana  (Brazil)  has  a  reputation  as  a  local 
iDii  iDtemal  application  for  snake-bites.  Matico  is  said  to  be  obtained 
fr  im  E.  ffiutina9imi,  though  most  of  it  is  the  produce  of  Artanthe  elonyataj 
ft  Piperaceous  plant ;  its  leaves  are  used  as  a  styptic. 

The  seeds  of  some  of  the  Corymhiferce  contain  much  fixed  oil.  The 
••^3(1^  of  the  Sunflower  (HeUanihua  annuus)  are  well  known  on  this 
ft-x^imt;  and  Madia  mtiwt  (Chili)  has  become  an  object  of  cultivation  in 
Fiuce  and  Germany  for  the  sake  of  the  oil  expressed  from  its  seeds,  its 
"ail-cake"  being  also  valuable  for  cattle.  The  esculent  tubers  called 
Jerusalem  or  Girasole  Artichokes  are  furnished  by  Helianthtts  tuberosus ; 
the  analogooa  tubers  of  the  Dahlia  (Dahlia  vaHahUis)  are  not  available  in 
this  way  on  account  of  a  strung  and  unpleasant  flavour  which  exists  in 
'Jem.  TutsUago  Farfara,  or  Coltsfoot,  which  is  mucilaginous  and  bitter, 
wa*  formerly  in  repute  for  aflections  of  the  chest. 

The  CynaretB,  or  thistle-like  Compositae,  are  equally  varied  in  the 
o^oeentiatioii  of  their  qualities.  The  root  of  Carlina  acatdis  is  said  to  be 
innlent  purgative,  and  that  of  C.  gummifera  is  known  as  an  anthelmintic. 
Tbn  Bardock  (^Arctium  Lappa),  the  Marigold  (Cakndtda  officinalis) f  Cen» 
tearra  Calcitrapa,  and  other  allied  plants  were  formerly  esteemed  as  febri- 
(^u*iSy  diuretics,  and  alteratives,  but  have  gone  out  of  use.  The  Costus, 
e^lrbrated  hy  the  ancients  for  its  virtues,  is  supposed  to  be  the  root  of 
AuckUmdia  costus  (Cashmere).  Carthamus  tinctoriuSf  Saiflower,  is  used 
b  dy«in^  and  in  the  manufacture  of  true  rouge ;  the  flowers  of  Calendula 
'fiehMJUg  are  used  to  adulterate  Saffron.  Serratida  tinctoria  is  also  used 
k  dyeing  yellow  and  green.  The  Globe  Artichoke  is  the  fleshy  receptacle, 
with  its  In'acts,  of  C^nara  Scolymus]  Cardoons  are  the  blanched  stems 
arid  petioles  of  Cynara  Cardimculus, 

The  Labiafi/iorte  are  sometimes  aromatic,  bitter,  or  mucilaginous.  The 
i^ves  of  Printzia  aromatica  are  used  as  a  Tea  at  tne  Cape  of  Good  Hope  ; 
tlir«e  of  Anandria  discoidea  are  used  by  the  Chinese  as  the  Coltsfoot  is  in 
Eowpe. 

The  Cichorace€B  include  several  plants  of  note :  the  different  kinds  of 
lettuce,  Laetttca  virosa,  Scariola,  sativa  (the  Garden  J^ettuce),  contain  a 
ffliliy  juice  which  has  narcotic  properties ;  when  evaporated  to  dryness  it 
U/Finsa  kind  of  gum,  called  by  druggists  Lactucarium,  which  is  occasion- 
illy  used  as  a  sedative.  The  Garden  Lettuce  loses  much  of  its  bitterness, 
ud,  St  the  same  time,  of  its  narcotic  properties,  in  cultivation.  The 
l^delion,  Jjtijmiodon  Taraxacum  (or  Taraxacum  Dens  Leonis),  has  also  a 
nJlky  joice,  which  is  valued  for  its  medicinal  properties  as  a  diuretic  and 
t'terstive,  with  some  sedative  qualities ;  its  roots,  and  still  more  those  of 
Cjiicory  or  Succory  (Cichorium  Intyhus),  are  used,  roasted,  to  adulterate 
c^fiee.  Besides  the  Lettuce  we  have  other  esculent  vegetables  in  this 
Suborder :  Cichorium  Endivium  furnishes  the  Salad  Endive  (blanched  by 
txcloMon  of  light) ;  Scorzonera  is  the  root  of  Scorzonera  hispanica^  other 
fpecies  of  which  are  used  in  like  manner  in  different  countries ;  Salsafy 
i?  the  root  of  Tragopogtm  pannfolius,  or  GoatVbeard. 

The  Oompositse  include  a  vast  number  of  cultivated  plants.  The  Dahlia 
'•P.  vanabuis)f  the  Chrysanthemum  (I)/rethrum  sinense,  indiciim)^  the 
Cinerarias  (Seneeio  cruenta,  TussilaginiSf  Heritieri)^  the  China  Aster 
[^oBigtemma  horiense)  are  florist's  flowers  remarkable  for  the  number  and 
lenity  of  their  varieties.    The  Everlasting  flowers,  or  Immortelles,  are 
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mostly  species  of  GnaphaUumj  together  with  Helkhrymm,  AfhekxU,  &c. 
Our  native  Thistles  are  species  of  CarduuSy  Onopordumy  &c. 

LOBELIACEiE  are  herhs  or  shrubs  with  a  milky  joioe,  alternate 
leaves,  and  scattered  flowers ;  corolla  irregular,  epigynous,  Bympetalou.s 
split  down  to  the  base  on  one  side ;  the  6  stamens  free  from  the  corolla 
and  united  into  a  tube,  often  by  their  filaments,  and  always  by  their 
anthers;  ovary  inferior,  l-S-celled;  style  1 ;  stigma  2-lipped,  surrounded 
by  a  fringe  of  hairs ;  seeds  numerous,  perispermic — ^lUustratiTe  Qenera : 
Lobelia^  L. ;  SiphocampyluSj  Pobl. 

JUBnittos,  fto. — The  relations  of  this  Order  to  Compositad  are  close,  as  \& 
seen  when  we  compare  the  flowers  with  ligulate  florets  of  the  Otchanu^a : 
the  structure  of  the  ovary,  howeyer,  as  well  as  of  the  infloreeoence,  divides 
them.  With  CampanulacesB,  under  which  order  they  are  included  as  a 
tribe  by  Bentham  and  Hooker,  they  are  connected  tnrough  the  tubular 
florets  of  Compositie,  which  resemble  the  flowers  of  Oampanulacess,  except 
in  the  structure  of  the  ovary,  which  brinprs  the  Campanulacese  still  nearer 
to  LobeliacesB.  The  fringe  round  the  stigma  is  analogous  to  the  hairs  of 
the  style  of  Campanulaceaa,  and  perhaps  fuso  to  the  indosium  of  Gt)ode- 
niaceae.  Some  Lobeliacese  have  their  petids  distinct,  and  Monopsis  has 
the  flower  nearly  regular. 

Dlstxibution. — A  rather  large  Order,  the  members  of  which  are  chiefly 
distributed  throughout  tropical  and  subtropical  regions. 

Qualities  and  Uses. — ^The  milky  juice  is  acro-narcotic ;  the  spedes  of 
Ltyhelia  are  more  or  less  poisonous,  producing  effects  analogous  to  those  of 
Tobacco.  Lobelia  inflata  is  used  in  small  doses  for  spasmodic  asthma ;  it 
acts  sometimes  as  an  emetic,  but  produces  great  depression  of  the  pulse, 
perspiration,  and,  in  large  doses,  death.  Most  of  the  species  are  acrid  wheo 
fresh ;  Z.  urens  produces  vesication  of  the  skin.  Tupa  FeuiUei  (Chili) 
yields  a  violent  poison.  Isotoma  lon^ara  is  vesicatory,  and,  taken  in- 
ternally, produces  death  from  yiolent  and  uncontrollable  purging.  The 
milky  juices  contain  Caoutchouc.  Many  species  ofLobeHa  and  S^kocam- 
pylus  are  cultivated  for  their  showy  flowers. 

GooDKNiACRK  consitute  an  Order  of  plants  allied  to  the  Lobeliaceae, 
the  StylidiaceaB,  and  the  Campanulacese ;  but  especially  distinguished  by 
the  remarkable  stnicture  of  the  upper  part  of  the  style,  which  is  expanded 
into  a  kind  of  cup  or  purse,  concealing  within  it  the  stigmatic  surface,  and 
closing  over  the  pollen  after  fertilization. — Most  of  the  Ooodeniaceae  are 
Australian  and  Polynesian ;  a  Scavola  occurs  in  North-western  India  and 
in  Africa ;  another  genus,  SeUierOy  is  South-American.  Their  properties 
are  unimportant.  Leschenaultia  formosa,  ceertdea,  and  other  speaes  are 
cultivatea  on  account  of  the  beauty  of  their  flowers. 

Bbunoniace^,  consisting  of  two  species  of  ^rtmoniVi,  Australian  plants, 
agree  with  Goodeniacess  in  the  structure  of  the  style,  but  are  sometimes 
separated  from  them  on  account  of  the  superior  j>osition  of  the  ovary. 
Their  capitulous  inflorescence  approaches  that  of  Compositad.  They  have 
no  known  properties. 

SxYLiDiACKiE  Constitute  a  small  Order  of  plants  related  to  the  Goode- 
niaceae  and  the  Campanulaceae,  but  are  distinguished  by  and  remarkable 
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&f  the  gynaiidroQs  structure  of  the  flowers^  the  filaments  being  adherent 
tu  the  8^1e  into  a  column  surmounted  by  the  anthers  which  overlie  the 
etipia.  This  column  exhibits  the  irritability  met  with  here  and  there  in 
Fioweruig  Plants :  in  J^i/^dium  it  hangs  over  on  one  side  of  the  flower ; 
bst  wlien  touched  it  rises  up  and  springs  over  to  the  opposite  side,  at 
the  ttme  time  opening  its  anthers  and  scattering  the  poUen. — ^The  ^lidia 
c^fhiefly  from  Australia;  a  few  others  are  scattered  in  the  East  Indies; 
the  ForUer^  belong  to  New  Zealand  and  the  Straits  of  Magellan.  They 
hire  DO  known  properties. 

CAMPANTJLACELE.    BBLL-rLOWBES, 
Coh,  Campanules,  Benih.  et  Hook. 

^Ko^nofif. — ^Herbs  with  a  milky  juice,  alternate  leayes,  and 
laostly  scattered  flowers ;  calyx  adherent  to  the  ovary ;  corolla 
n^r,  epigynous,  bell-shaped,  valvate  in  ssstivation ;  stamens  5, 
tree  from  the  corolla,  mostly  distinct  or  coherent  just  below  the 
^  of  the  distinct  anthers ;  ovary  2-5-celled ;  style  1,  hairy ; 
sugma  simple  or  lobed ;  capsule  many-seeded,  dehiscent  by  lateral 
oafioea  or  valves  at  the  top ;  seeds  with  fleshy  perisperm. — ^Ulus- 
tntiie  Grenera :  JasiofUj  L. ;  Campanula,  L. 

,  UtnlilM,  tab — ^The  CampanulacesB  are  divided  byBentham  and  Hooker 
ttto  three  tribes : — 1.  Lobekeay  here  treated  as  a  distinct  Order,  and  having 
anegnltt  flowers  and  syngeuerious  anthers ;  2.  Ci/phiea,  with  Irregular 
wvBts  and  free  anthers ;  and  3.  CampamdetB,  with  regular  flowers  and 
^f^y  free  anthers.  They  have  many  points  of  agreement  with  the 
CompositiB.  the  flowers  resembling  the  tubular  florets  of  that  Order 
Q  the  corolla,  inferior  position  of  the  ovary,  and  number  and  position  of 
the  atamena ;  but  the  anthers  are  distinct  or  only  united  at  the  base,  and 
^  OTaiy  ifl  niore  than  1-celled  and  contains  many  seeds ;  in  Jtuione  and 
^»tma  the  flowers  are  in  capitula.  idmost  Hke  those  of  Compositse. 
I^j  are  only  separated  from  Lobeliacee  b;^  the  regularity  oi  their 
iowen,  the  globular  (not  eUiptical)  pollen-grains,  and  the  peculiar  hairs 
^  the  style ;  which  points  of  structure  likewise  separate  them  from  Goo- 
^l^i^icec  and  Stylidiaceae.  On  the  other  hand  they  approach  Vaceiniemf 
mm  which  they  difler  in  the  number  of  the  stamens  and  their  porous 
dehitteoee,  the  style,  and  the  habit.  In  Cyclocodm  the  tube  of  the 
^^'n^lla  is  adherent  to  the  ovary  (superior),  while  the  calyx  is  inferior ! 

J^^^MhutJon. — ^A  large  Order,  the  members  of  which  belong  mostly  to 
ue  temperate  parts  of  the  Northern  hemisphere. 


QttUtiet  and  Ums. — The  milky  juice  has  properties  analogous  to  that 
« the  Compo8itae,and  is  sometimes  rather  acrid;  but  the  young  roots  and 
^tB,  especially  when  cultivated,  are  often  edible ;  Rampions  are  the 
1^  of  Oanpamda  Bcmmetdm ;  Speetdaria  Spectdum  and  other  species 
^^e  been  used  in  salads.  The  CampanuUuy  commonly  known  as  Oanter- 
»ui7  fielh^  Hair-bells,  &c.,  are  numerous  in  cultivation;  and  other  genera 
We  also  handsome  flowers. 
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Fig.  403. 


I 


Series  2.  Supebje. 
Ovary  usually  superior  (inferior  in  Vticeinieai). 

ERICACEAE.    Thb  Hkath  Obdbb. 
Coh,  Ericales,  Benih,  et  Hook, 
Diagnosis. — Shrubs  or  sometimes  herbs,  with  regular  or  nearly 
regular  flowers  ;  corolla  gamo-  or  poly-     ^ 

petalous,  hypogynous  or  epigynous(  Vac-  ^*?'  ^^  ^^'  ^"°' 

dniecB) ;  stamens  as  many  or  twice  as 
many  as  the  petals  of  the  4-5-lobe(l  or 
4-6-petalous  corolla,  free  from  the  corolla, 
hypogynous  or  epigynous;  anthers  2- 
celied,  commonly  with  appendages,  and 
opening  by  terminal  chinks  or  pores 
(tigs.  404,  405) ;  style  1 ;  ovary  B-10- 
celled;  seeds  small,  anatropous ;  embryo 
small  or  minute,  in  fleshy  perisperm. 

The  Ericacea)  are  divisible  into  four     ^,40^,  FioweTofjeweo.' 
very  distinct  Suborders,  which  are  some-      Fig.  404.  etunen  otEnea. 

. .    -^  ,1         r\  Ji  Fijr.  406.  Stamen  of  Vaeann 

times  ranked  as  Orders: —  * 

1.  Yacotstem,  Shrubby,  or  more  or  less  woody  herbs,  with  an 
adherent  calyx,  sympetalous  epigynous  corolla,  epigynous  stamens, 
2-parted  anthers  opening  by  pores,  containing  4-nate  pollen-grains; 
the  inferior  ovary  becoming  a  berry  surmounted  by  the  teeth  of  the 
calyx. — 2.  Ebicineje.  Shrubs  or  small  trees,  with  a  free  calyx  ; 
a  sympetalous  or  polypetalous  corolla  springing  with  the  stamens 
from  the  receptacle ;  anthers  opening  by  pores. — 3.  PYBOiiE*. 
Woody  herbs  with  evergreen  foliage ;  calyx  free ;  corolla  of  5 
distinct  hvpogynous  petals ;  stamens  hypogynous  ;  anthers  porous; 
seeds  with  a  loose  cellular  testa  and  minute  nucleus. — 4.  Moxo- 
TEOPEJS.  Fleshy  herbs  with  scale-like  leaves,  destitute  of  green 
colour ;  calyx  free ;  corolla  sym-  or  dialypetalous ;  stamens  hypo- 
gynous ;  pollen  simple. 

Illustbative  Qbnbba. 
Suborder  I.  VaccinieuB.    Oxycoccus,  Toumef, ;  Vaccinium,  X. 

Suborder  II.  Ericinisjk. 

Tribe  1.  ABBUTEiB.  Corolla  deciduous.  JFhdt  succulent.  Svergreenthrvbi. 
Arbutus,  Toftm, 

Tribe  2.  AxDROMEDBiB.  Corolla  deciduous.  Capstde  loculicidal,  Skruii 
with  persistent  leaves.    Buds  ftsuaUy  scaly,    Andromeda,  X. 

Tribe  3.  ERiCEiB.  Corolla  persistentj  often  4-merous.  Ihiit  nst  cop' 
sular.    Buds  not  scaly.    Erica,  X. 
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THbe  4.  IlHODOBEiB.  CoroUa  deciduotu.  Druit  capsular,  aepticidal*  Buds 
teaUf,  oome-Hke.     Azalea,  L, ,  Rhododendron,  L. ;  Ledum,  L. 

Saiwrder  IIL  Pybolbjs.    Chimaphila,  Pursh  j  Pyrola,  Tournef, 
Suborder  IV,  Monotbope^.    Monotropa,  NtUt, ;   Schweinitzia,  EU, ; 


,  —The  general  floral  formula  is  S6  P5  A  6  +  5  (fs,  but  in 

r«tMw«  iti9|S5P6A6+6  G6.  The  Suborders  are  connected  by  the 
psusnl  iJan  of  structure;  but  the  details  are  subject  to  wide  variation, 
3ot  onlj  including  sympetalous  and  dialypetalous  conditions,  but  even 
Wpogynoua  and  epigynous.  By  many  authors  these  subdivisions  are 
miked  as  distinct  Orders.  The  VacciniecB^  with  their  inferior  ovary, 
<tud^  if  separated,  among  the  epigynous  Orders,  near  Camnannlaceae  or 
nnehonacese ;  consequently  they  form  a  connecting  link  oetween  the 
Gshdflorala  and  Corolliflorals,  indicating  the  artificiality  of  this  division ; 
tfcey  even  appear  related  to  the  perigynous  Gfllyciflorals  by  JEscalloniea 
m  ^axifragacex.  The  Ericineee  differ  from  the  Vacciniea  principally  in 
tke  superior  ovary  and  hypogynous  corolla ;  and  the  stamens  are  here 
3«rly  if  not  quite  hypogynous,  which,  with  the  many-celled  ovary, 
iirides  them  from  Gentianaceae  and  allied  Orders.  The  Eridnem  are 
»r»ly  allied  to  the  Epacridaceae ;  but  the  latter  have  1-celled  anthers. 
The  P^roletB  have  the  sepals  and  petals  more  or  less  distinct,  are  more 
k^baeeona  in  habit  than  the  foregoing,  and  their  seeds  are  remarkably 
^lent ;  P.  aphyBa,  a  plant  devoid  of  green  colour,  and  with  leaf-scales 
b  place  of  leaves,  connects  this  Suborder  with  Monotropeaj  which,  how- 
(Ter,  di£&r  in  the  dehiscence  of  the  anthers,  and  in  having  the  minute 
embTyo  at  the  apex  instead  of  at  the  base  of  the  fleshy  perisperm.  Some 
floabt  exists  whether  the  last  Suborder  are  really  parasitical  plants :  they 
crow  among  the  flbrils  of  the  roots  of  trees,  and  have  all  the  appearance 
<iC  pirasites,  but  may  live  on  decaying  vegetable  matter.  In  haoit  they 
Rsemble  Orobanchacese ;  but  this  is  not  a  sign  of  affinity. 

INatvfbatlon. — A  large  Order,  the  members  of  which  are  generally  diffused 
IB  temperate  climates  over  heathy  and  boggy  tracts,  in  subal{)ine  and 
ilpiae  localitiea,  all  over  the  world — the  Hhododendra  especially  in  India^ 
Ue  BefaruB  in  South  America,  and  the  Heaths  at  the  Cape. 

Qoaltties  and  Usea. — The  general  character  is  astringency.  The  fruits  of 
Taiiooa  Facciniets  and  Erinea  are  edible — as  those  oWxucocetiSfialustristind 
0.  macroearpa  (the  European  and  North -American  Cranberries),  Vacci- 
nitm  Mtjrtillus  (the  Bilberry),  V.  Vttis-Idaa  (the  Red  Whortleberry),  and 
y.vSffinosum  (the  Black  WnoTt\eherTy),Gatiltheria procumbenSfG.  htspida 
rria3iania),&c.  But  others  are  dangerous  or  even  narcotic  poisons ;  and 
thi«  extends  to  the  foliage  of  such  kinds,  especiallv  species  of  Rhode-' 
dfndron,  Azalea^  Andromeda,  Kalmia,  &c.  IJva-Ursi  leaves  (Arctogtaphy^ 
U  Ur»-Ursi)  are  mixed  with  Tobacco  by  the  North- American  Indians, 
vA  are  esteemed  as  astringents ;  those  of  some  Pyrolem,  as  Chimaphila 
ntbeOata,  American  Wintergreen,  are  used  as  diuretics.  Oil  of  Winter- 
irreen,  known  as  an  antispasmodic  agent,  and  used  in  perfumery,  is 
obtained  from  the  fruit  of  GauUheria  procumhens.  A  vast  number  of 
!p^«ies  of  Erica,  Rhododendron,  Azalea,  &c.,  with  numerous  varieties  and 
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hybrids;  are  objects  of  cultivation  on  account  of  the  peculiarity  and. 
beauty  of  their  flowers.  They  especially  constitute  what  are  calledi 
^*  American  Plants''  by  gardeners,  the  American  Bhododendra,  Azaka,  aad. 
Kalmuey  &c.  being  those  which  first  strongly  occupied  the  attention  of 
florists.    Some  of  the  East-Indian  Bhododenarons  are  epiphytes. 

Epacbidacea  are  closely  related  to  Ericaceae,  but  are  distinguished 
by  the  one-celled  anthers  opening  by  a  chink ;  the  filaments  are  al9o 
commonly  adherent  to  the  corolla,  'ilie  (hder  is  commonly  divided  into 
two  Tribes : — 1.  StyphelieaB,  with  one  ovule  in  each  cell  of  the  ovary,  and 
fleshy  fruits ;  and  2.  Epacreae,  with  numerous  ovules  in  each  cell  of  the 
ovary,  and  capsular  fruit.  They  are  peculiar  to  Australia,  the  Indi&a 
archipelago,  and  the  South-Sea  Islands,  occurring  in  great  abundance,  in 
the  same  way  as  the  Ericea  do  at  the  Gape  of  Good  Hope.  They  do  not 
appear  to  possess  any  active  properties :  many  of  them  bear  succulent 
berries  \  and  some  of  them  are  eaten,  as  those  of  lAstawtke  tapida,  A^gtro^ 
loma  humijfusumy  the  Tasmanian  Cranbenr,  &c.  Man^  of  the  £pacri-> 
daceas  are  in  cultivation  on  account  of  the  beauty  of  their  fioweza. 

PLANTAGINACEiE  are  chiefly  herbs  with  undeveloped  stems  and 
tufts  of  leaves  spreading  more  or  leas  on  the  ground ;  flowers  spiked^ 
regular,  4-merous,  the  4  stamens  attached  to  the  tube  of  the  hjrpogynous 
dry  and  membranous  sympetalous  corolla,  altematinfl^  with  its  lobea ; 
the  filaments  long  and  slender,  and  the  anthers  versatue ;  ovaiy  ffim|^e, 
but  spuriously  2-  or  4-ceUed  by  temporary  adherence  of  the  angles  of 
the  free  central  placenta  to  the  waUs ;  ovules  I,  2,  or  numerous,  peltate ; 
style  and  stigma  simple,  the  latter  rarely  cleft ;  capsule  membranous, 
dehiscence  circumsciasile ;  seeds  1,  2,  or  many,  perispermic ;  the  testa 
mucilaginous. — Illustrative  Genera :  LUtoreUay  L. ;  Plantago^  L. 

AfflnitiM,  fto. — This  Order  appears  to  find  its  nearest  relatives  in  Pluin- 
baginaceae  and  Primulaceae,  nom  which,  however,  the  position  of  the 
stamens,  alternating  with  the  lobes  of  the  corolla,  distmguishes  it,  in 
addition  to  other  characters  noticed  under  those  Orders.  The  affinity 
to  Amaranthaceae  and  Chenopodiaceae  does  not  appear  well  made 
out.  Baron  von  Mueller  suggests  an  affinity  with  Loganiads.  In  LU" 
toreUa  there  is  a  tendency  to  abortion  in  one  or  other  set  of  essential 
organs. 

Distribution. — A  not  very  extensive  group,  the  species  of  which  are 
generally  diffused,  but  most  abundant  in  temperate  cmnates. 

Qualities  and  Uses. — ^The  foliage  is  slightly  bitter  and  astringent.  The 
seeds  of  many  species  of  FUxntagOy  such  as  P.  PtytUuniyarenaria^  Cynop^,  &c., 
were  much  used  formerly  on  the  Continent,  under  the  name  of  Semen 
Psyllii  and  S.  Pulicariae,  or  Flea-seed,  for  making  mucilaginous  drinks  like 
those  prepared  from  linseed.  The  seeds  called  Ispaghulad  are  the  product  of 
JPiofUaffo  decumbena ;  the  spikes  of  the  fruit  of  A  major  are  much  gathered 
in  the  green  state  under  the  name  of  Plantain,  for  feeding  caged  birds. 
P.  major,  minoTy  and  UmceoUda,  called  Plantains  or  Road-weeds,  are 
among  the  commonest  of  our  weeds  on  road-sides,  in  meadows,  and  all 
undisturbed  ground  where  the  soil  is  not  very  light  They  are  sometimes 
grown  for  sheep  food. 
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PLUMB  AGIN  ACEM  (thk  Thrift  Obdeb)  consists  of  maritime  or 
arjatain  herbs  or  under-shrubs;  often  with  undeveloped  stems  and 
ci Jeered  leaves;  flowers  regular^  5-merous,  with  a  plaited  calyx;  the 
ditamexis  superposed  to  the  separate  petals  or  the  lobes  of  the  sym- 
pcrtaloos  coroila ;  the  free  ovary  l-celled|  with  a  solitary  ovule  hanging 
trom  a  long'  funiculus  which  arises  from  the  base  of  the  cell ;  styles  5, 
rarely  3  or  4;  fruit  either  utricular  or  dehiscent  by  valves  above ;  seed 
vitk  a  aioiple  testa  and  little  perisperm. — Illustrative  Genera :  SUUice, 
L.;  Fbanbtiffo,  Toumef. 

AmMOOmm,  fto. — This  Order  is  strongly  characterized  by  the  peculiar  at- 
tKhmient  of  its  ovule :  this,  with  the  numerous  styles,  separates  it  from  the 
IVimoIaceae, which  it  approaches  in  the  positionof  the  stamens  and  some 
<3(faer  points;  the  same  characters,  with  the  position  of  the  stamens,  distin- 
roiih  It  from  Plantaginacess ;  and  these  marks,  with  the  plaited  caljx, 
kMjlate  it  from  all  the  other  CoroUiiioral  Orders,  among  which  it  claims 
t  place  in  spite  of  the  occasionally  dialypetalous  or  even  apetalous  con- 
dition. 


-A  rather  large  group ;  some  kinds  are  found  all  over  the 
vorid  on  the  sea-shore ;  others  are  more  local  in  similar  habitats,  in 
d^t-manhes  and  in  saline  steppes,  while  others,  again,  belong  to  alpine 

Qualities  and  Uses. — ^The  properties  are  either  bitter  and  astringent,  or 
acrid  and  caustic.  The  roots  of  Statice  caroUniana  are  powerfully  astrin- 
g«at ;  those  of  PtumiiMgo  europcea,  zeylanicay  scandenSf  and  others  are  very 
active  blistering-agents  when  fresh  ;  that  of  P.  eurapaa  is  used  dried  as 
t  remedy  for  toothache.  P.  toxicaria  is  said  to  furnish  a  poison  in 
Kocamfaique.  The  Garden  Thrift  (Armeria  vulgaris),  commonly  used  for 
^giug,  like  Box,  is  said  to  be  an  active  diuretic :  tne  dried  flowers  are 
Caed  for  this  purpose.  Small  doses  of  the  root  of  Plumbago  europtBO  are 
mid  to  act  as  an  emetic.  The  flowers  of  many  of  the  Plumbaginaceae. 
ei^pecially  species  of  Statkcf  are  veiy  handsome,  and  many  are  cultivated 
uci  this  accoimt. 


PBIMULACE^.    The  Pbimbose  Obdeb. 

Coh,  Primulales,  Benth,  et  Hook, 

DiagnofU, — ^Herbs  with  opposite  or  alternate  simple  leaves  and 
regular,  perfect  flowers ;  the  stamens  as  many  as  the  lobes  of  the 
sympetalous  (rarely  dialypetalous)  hypogynous  corolla,  and  super- 
^J9ed  to  them  in  the  tube ;  ovary  1-celled,  with  a  free  central 
placenta  bearing  numerous  perispermic  seeds,  a  simple  style,  and  a 
capitate  stigma, 

CfTuiracter, 

Thalamus  flat  or  slightly  convex.  Calt/x  5-  or  rarely  4-cleft,  free 
or  half-adherent,  regular,  persistent.  Corolla  hypogynous,  sym- 
petalous, and  the  limb  regularly  5-,  or  rarely  4-cleft ;  or  more 


rarely  composed  of  sepftrate  petals,  or  absent.  StoTnens  equal  ii 
nnmber  to  the  petals  or  lobes  of  the  corolla  and  adherent  v. 
them ;  or  in  apetalous  flowers  hypogynous  and  altematiDg  vritl 
the  t«eth  of  the  calyi.  Ovary  1-celled,  with  a  free  centnU  pla- 
centa bearing  oiany  ovules  ;  «(yfe single;  ftigmaca.pita.tf!.  frail 
a  capsule  opening  by  valves,  more  rarely  circumscissile  (fig.  406} , 
many-seeded ;  seedt  peltate ;  the  embryo  in  fleshy  perisperm. 

Ilg.407. 


Ckpimlv  of  AvpnUU  op 


Illustrativb  Ornrka. 

Tribe  1.    PRiMrLK*.     Oeary  frer:  fapmle   iitdimlar;   kHum  vndnd. 
Prim  Ills,  X. 

Tribe  2.  ANAOAtLiDRS.     Ovarif  frre;  ctMpmie  oprtUng  trmueertfli/ : 
hilum  rentral.    Anncdlis,  Ttmmrfoti. 

Tribe  3.  Hottoniei^.      Ovary  free ;  captuU  valvular:  hHurn  batiiar. 
Aquaticg.     Ilottonia. 

Tribe  4.   Samolka.      Orary   lemi-inf trior :  eapmU   valvular;  Mum 
baiilar.     Samolua,  X, 

AKlBltlM,  he, — This  is  an  Order  whit^h  atrongly  attracts  the  attentian  of 
Structural  fiolAnists  on  arcount  of  the  pec  til  inn  ties  and  anomalies  vhkh 
it  preaenfa.  It  ia  one  of  those  in  which  thi?  free  cpntral  pUcenta  is  mnst 
distinctly  eeen,  forming  an  exception  to  the  very  ^neral  rule  of  the 
placentas  arising  from  the  mer/ins  of  the  carpels.  It  eeeras  to  be  tnity 
axial  in  niost  cases,  hut  in  some  monstnisitiea  an  appearance  is  presented 
as  though  the  placentiferous  lines  were  detached  from  the  t>dge»  sod 
surfaces  of  the  carpels  and  reunited  into  a  central  column.  Tn  the  oe^ 
place  the  position  of  its  stamens  opposite  or  superposed  to  the  petals  it 
an  exception  to  the  rule  of  alternation  of  the  organs  of  successive  flonl 
whorls,  explained  by  supposing'  an  intermediate  whorl  of  stamens  to  ba 
suppressed  (in  favour  of  which  way  be  cited  the  condition  of  Samol^i 
Lyiamachia  ciliala,  and  others,  where  five  teeth,  which  may  be  abortive 
alternate  with  the  lobes  of  the  coroUs),  or  by  the  hypothecs 
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^  ckoritis^  according  to  which  the  stamens  are  outprowths  from  the 
pf-^s-  On  the  other  hand,  it  has  heen  urged  that  the  petals  are  out- 
^Tom  tlxB  &om  the  stamens  and  ai*e  not  autonomous  organs.  In  Samolus 
w*-  have  tbe  calrx  partially  adherent  to  the  ovary.  In  some  foreign 
^u*T8i  tlie  petals  are  either  nearly  or  quite  distmct.  In  Trientalis 
fjr*ipipa  the  lohes  of  the  calyx,  corolla,  and  the  number  of  stamens  vary 
tn.m  5  to  9.    In  Glaux  the  corolla  is  absent,  and  the  calyx  coloured. 

The  ordiTiaiy  floral  formufti  would  be  ^  ^    ?  ^  ^  ^>  that  of  Samoius 
^^ ^  ^_^  Ao        ' 

S.5P5  AS-f  6G6. 

The  relations  to  Plumbaginaceie  are  very  close,  both  in  the  structure  and 
the  habit  of  many  kinds,  as  between  AndrosacesLtid  some  Primula  and  Ar- 
^^ria^  &c  ;  but  the  solitary  ovule  of  that  family  is  a  distinctive  character. 
The  Primulaceae  are  still  nearer  to  the  exotic  Order  M>nr8inacea3  as  regards 
i^  structure  of  the  flowers ;  but  those  are  trees  or  shrubs  with  berry -like 
tr\AtBj  and  have  minor  characters  of  distinction  noticed  under  that  Order. 
TL^T  approach  Solanaceas  in  habit,  but  not  in  structure. 

DifcirCbuUoa, — A  considerable  family,  the  species  of  which  are  chiefly 
fdiind  in  temperate  and  cold  parts  of  the  Northern  hemisphere,  in  alpine 
>z^oiis  or  on  the  sea-shore  when  in  lower  latitudes. 


Qnaini—  and  Vmea, — ^The  Cowslip  (Primula  verts)  and  other  species 
ippear  to  possess  sedative  properties.  The  SoldanelUe  are  slightly  purga- 
tTe,  The  Cyclamens  have  a  fleshy  tuber  which  is  more  or  less  acrid ; 
and  C^^damen  europcBum  is  said  to  be  a  drastic  purgative.  The  most  re- 
markable quality  is  perhaps  the  beautj  of  the  flowers,  for  ^vhich  a  great 
camber  are  cultivated,  especially  species  of  Primutoj  which  includes  the 
^.'owslip,  the  Primrose  proper  (P.  vulgaris),  the  Polyanthus,  a  garden 
TmrietT  of  this,  the  Oxlip  (P.  elaiior),  the  Auricula  (P.  Auricula,  from 
*M  Aipe),  the  Chinese  Pnmrose  (P.  prcsnitens),  the  Japan  Primrose  (P. 
jopnnica),  &c.  Many  dwarf  species  of  Primula  and  Androsace  are  "  alpine 
plants,^'  as  is  also  SoldaneUa.  Glaux  and  Samolus  belong  to  salt-marshes; 
Hftitoma  to  freshwater  brooks,  having  feathery  submerged  leaves;  the 
L^nmaekitB  mostly  grow  in  wet  places.  Many  of  the  genera  are  repre- 
sented in  OUT  native  flora ;  while  Androsace,  Dodecatheon,  and  SoldaneUa^ 
which  are  mostly  alpine  plants,  are  commonly  cultivated. 

MititaiNACBiE  are  so  closely  related  to  PrimulacesB  in  the  structure  of 
th«  flowers  that  no  absolute  character  of  distinction  can  be  drawn  there- 
from, since  the  imbedding  of  the  ovules  in  the  placenta,  general  here, 
occurs  in  several  Primulaceous  genera,  for  example  in  AnagaUis,  But  the 
Mjisdnaeeae  are  of  shrubby  or  tree-like  habit,  and  their  fruit  is  fleshy. 
They  belong  chiefly  to  the  islands  of  the  Southern  hemisphere ;  and  some 
of  them  are  cultiyated  in  this  country  as  evergreen  shruos  requiring  pro- 
tectioa  in  winter.  The  seeds  of  some  species  of  Theophrasta  and  Mgrsim' 
are  nutritious ;  and  the  berries  of  some  plants  of  the  Order  are  edible, 
although  others  are  said  to  be  cathartic 

JEamtnACRM  include  a  genus  of  plants  growing  on  sea-shores  in  the 
tropica,  and  rooting  from  the  seed-vessels  Hko  Rhizophoracess,  and  con- 
adeied  to  form  a  (ustinct  Order  by  some  vmters.    JSgiceras  diflers  from 
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MyrsinaceaB  cbiefly  in  having  aperispermic  seeds,  a  follicular  frnit,  and 
transyeise  dehiscence  of  the  anthers. 

SAPOTACE-^  are  trees  or  shruhs,  mostly  with  a  milky  juice ;  leaves 
alternate,  simple  and  entire  (leathery  and  often  rusty-downy  beneath)  : 
flowers  small,  regular  and  perfect,  usually  in  axillary  clusters ;  calyx  firee 
and  persistent ;  the  fertile  stamens  commonly  as  many  as  the  lobes  of  the 
short  h3rpogynoiis  corolla,  and  opposite  to  ^em,  attached  to  the  tube 
along  with  one  or  more  rows  of  appendaj2:es  and  scales  or  sterile  stamen^ ; 
anthers  extrorse ;  ovary  4-12-cened,  with  a  single  anatropous  ovule  in 
each  cell;  seeds  large,  usually  perispermic. — Illustrative  Genera :  Chryso- 
phyUum,  L. ;  Isonandra,  Wight ;  Basna,  Eon. 

AfBnitiM,  fto. — ^Allied  to  Myrsinaceie,  but  distinguished  by  the  placen- 
tation,  anatroj)al  ovules,  ancl  other  important  characters, — ^also  to  the 
Eb^iacece,  which  they  resemble  in  habit;  but  they  have  a  milky  juice, 
and  wood  generally  of  a  soft  character ;  other  differences  also  exist  in  the 
perfect  flowers,  such  as  erect  ovules,  simple  styles,  &c. 

DUrtiibotioii. — ^A  considerable  group.  Chiefly  tropical:  Asia,  Africa, 
and  America. 


QaalitiM  and  Uses. — The  plants  of  this  Order  are  valuable  for  succa- 
lent  fruits,  febrifuge  bark,  oleaginous  secretions,  and  peculiar  gum-reeins  in 
the  milky  jiuces.  Of  the  fruits,  the  Sapodilla  Plum  (A<^*'as  Sapota\ 
the  Marmalade  (A.  mammosa),  the  Star-apple  {ChrysophyUum  Cainito\ 
and  the  Surinam  Medlar  {Mimusops  Elengi)  are  the  most  noted.  The 
bark  of  various  species  of  Achras  has  been  used  as  a  substitute  for  Cin- 
chona. The  fruits  of  Bama  butyracea  and  B.  longifoUa  jield  a  butter- 
like oil  largely  used  in  India ;  another  species  in  AJ&ica  is  said  to  yield 
the  Shea  or  Oalam  butter  mentioned  by  travellers.  lacnandra  Otttta  is 
the  tree  from  which  Gutta  Perch  a  is  obtained,  by  evaporating  the  milky 
juice.    The  seeds  of  Argania  Sideroxylon  contain  a  valuable  oiL 

EBENACEiE  are  trees  or  shrubs  with  alternate  entire  leaves,  without 
milky  juice ;  flowers  regular,  polygamous,  with  the  calyx  free  from  the 
d-12-celled  ovary ;  the  stamens  twice  or  four  times  as  many  as  the  lobes 
of  the  corolla,  often  in  pairs  before  them ;  anthers  introrj»e ;  iiruit  a  several- 
celled  berry ;  ovules  i  or  2,  suspended  from  the  summit  of  each  cell ; 
seeds  large,  perispermic ;  radicle  superior. — Illustrative  Genera :  JRoyefta, 
L. ;  Diospyros,  L. 

AfBnitlM,  fte. — ^The  Ebenaceie  are  distinguished  from  the  Sapotacese  by 
several  important  characters  noted  under  that  Order ;  on  the  other  hand, 
they  approach  the  Aquifoliacece  in  many  points,  but  are  separated  by 
their  strongly  coherent  floral  envelopes,  usually  numerous  stamens,  and 
twin  ovules,  &c.  To  the  Oleacese  they  are  allied  by  the  placentation  and 
other  points ;  but  the  alternate  leaves,  more  numerous  stamens,  and  com- 
monly diclinous  flowers  afford  very  marked  distinctions.  The  Styra- 
cacesB  are  also  very  near  to  this  Order,  but  frequently  have  an  adh^nt 
calyx,  petals  less  coherent,  and  a  simple  style  with  a  capitate  stigma. 

DIatrllmtion.— -A  considerable  group,  the  members  of  which  are  dis- 
tributed mostly  in  tropical  India,  but  a  few  are  scattered  elsewhere. 
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and  UsM* — ^The  principal  property  which  has  heen  noted  in 
tk«s«  plants  is  aatiingency;  but  they  are  better  known  and  far  more 
iaportant  on  account  of  their  hard  and  dark-coloured  wood,  the  heart- 
▼M>d  of  many  species  of  Diospyros  constituting  Ebony :  D.  Ebenus  yield  f> 
it  in  Mauritius ;  D,  MelanoxyUm  on  the  Coromandel  coast ;  D,  Ebenaster 
is  the  bastard  Ebony  of  Ceylon ;  and  2).  hirmda  has  a  variegated  wood 
(aUed  Calamander.  Other  species  are  also  used.  2).  virginianay  a  North- 
American  species,  bears  th^  iruit  called  Persimmon  or  Bate-plum,  which 
:« astringent  when  ripe,  but  is  eaten  after  it  has  been  affected  by  frost, 
I)iotpyro9  LoUm  (Europe)  and  D,  Kaki  (China)  have  also  edible  £uit. 

AQUIFOLIACEiE  ob  ILICACEiE  (the  Holly  Ohdkb)  comprise 
trees  <^  shrubs,  with  small  axillary  4-6-merous  flowers,  sometimes  dicli- 
Bons  by  abortion ;  a  minute  corolla  free  from  the  4-6-celled  ovary  and 
tke  4-6-eeeded  berry ;  the  stamens  as  many  as  the  divisions  of  the  slmost 
ot  quite  divided  4-6-petalous  imbricate  corolla,  alternate  with  them, 
ittached  to  the  very  base ;  ovary  2-6-celled ;  cells  with  1  ovide ;  stigma 
thaost  aessile,  lobed ;  fruit  succulent,  with  2-6  stones ;  seeds  suspended, 
vith  copious  fleshy  perisperm ;  radicle  superior. — lUustrative  Genera :  Ikx^ 
L :  PnnoSy  L. 

iniiilil— ,  tab — The  affinities  of  AquifoliacesB  to  Ebenacece  and  Sanotacesd 
bare  been  noticed  under  those  Orders.  Some  authors  consider  tnem  re- 
lated to  Rhamnacen  or  Celastraceae ;  but  their  sympetalous  corolla, 
Vint  of  disk,  straight  embiyo,  and  their  relations  to  Ebenaceae,  as  well 
i«  Uie  difference  in  the  ovary  and  seeds,  remove  them  from  the  immediate 
odghbourhood  of  those  Orders.  On  the  other  hand,  they  exhibit  some 
ifproach  to  Loganiacese  and  Apocynacese. 

Dtouniuiitfu. — A  snudl  Order,  widely  scattered,  but  sparingly.  Ilex 
Aqa^olium,  the  Holly,  is  the  only  European  species. 

QaaUttos  and  Uses.— The  bark  is  ordinarily  astringent  and  tonic,  and 
that  of  the  Common  Holly  is  esteemed  a  febriftige ;  its  berries  produce 
emetic  and  purgative  action  ;  its  leaves  and  still  more  those  of  Ilex  j^ra- 
ruyejtsu,  called  Mat^  or  Paraguay  Tea,  resemble  Tea  in  property,  as  is  the 
case  also  vrith  Prinos  glabra,  a  North-American  shrub.  Other  species  of 
Iki  are  also  used  for  this  purpose  in  South  America.  The  viscid  substance 
called  Bird-lime  is  made  irom  the  bark  of  the  Holly ;  and  its  close  white 
vood  is  valued  by  cabinet-makers. 

STYRACACEiE  are  remarkable  among  the  Orders  here  placed  near 
it  for  the  inconstancy  of  the  character  dependent  on  the  adhesion  of  the 
calyx ;  Miers  divides  it  into  two,  Symplocacece  and  Styracacen,  separated 
Wtliis  mark,  by  the  sestivation  of  Uie  corolla,  and  other  points.  It  is  com- 
monly regardea  as  related  to  EbenacesB  among  the  Corolliflorals,  and  also 
to  Anrantiacese  and  Temstroemiacese  among  the  Thalamiflorals ;  while 
Lindley  connects  it  with  CelastracesB  through  Sapotaceee :  others  point 
out  a  resemblance  to  Philadelphacees. 

PisuniuUmi. — Scattered  sparingly  in  the  warm  regions  of  Asia  and 
America. 

QQaUtiM  and  Uses. — ^Bitter  and  aromatic,  sometimes  containing  a  pun- 
gent resin.    Giun  Benzoin  is  obtained  from  Styrax  Benzoin  in  the  Malay 
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archipelago;  StoiBX  from  St.  officinale  in  SyriBL;  other  species  yield  aiinilar 
resins.  Symplocos  furnishes  d^es  or  moraantB ;  the  leaves  of  &  imctnria 
(Sweet-leaf,  or  Horse-sugar,  North  America)  are  sweet,  and.  are  eaten  by 
cattle.  Halesia  tetraptera,  another  North-American  plant,  is  called  the 
Snowdrop  tree  on  account  of  its  numerous  white  bell-shaped  blossoms. 

The  following  Orders,  sometimes  placed  in  this  siibdivisioiiy  are  of 
doubtful  position,  or  rather  their  affinities  are  very  various : — Oi-acacejk 
constitute  an  Order  of  tropical  trees  and  shrubs,  often  climbers,  apparentlv 
nearly  related  to  Santalacete,  but  having  distinct,  rarely  united,  petals 
and  a  free  ovary.  The  stamens  are  frequently  superposed  to  the  petals. 
— IcACiNACEA,  separated  from  the  preceding  by  Miers  and  Eichler,  have 
the  stamens  idtemate  with  the  petals.  In  both  the  aestivation  of  the 
petals  is  valvate;  while  Cyrillacejb,  a  group  of  American  shrubs,  have 
imbricate  petals  and  a  disk  surrounding  the  ovary ;  they  are  placed  next 
AquifoliaceeB  by  Bentham  and  Hooker. — HuMiRiACRis  are  tropical  Ame- 
rican trees  or  shrubs  with  balsamic  juice,  free  petals,  and  monadelphous 
stamens,  each  having  an  enlarged  fleshy  connective ;  they  appear  to  be 
related  to  the  Olacaceas  and  Linacese,  having  also  affinities  to  the  Styra- 
cacese  and  Aurantiacese.  The  systematic  position  and,  in  some  cases,  the 
exact  limitations  of  these  groups  is  unsettled ;  as  is  also  that  of  Canel- 
LACE^,  a  little  group  of  plants  connected  with  Clusiaceae  by  some  authors, 
by  others  with  OlacaceeB  and  their  allies,  placed  by  Bentham  and  Hooker 
near  Bixacese  and  Violaceae,  but  more  nearly  allied  in  structure  and  bitter 
aromatic  properties  to  Magnoliaceae. 

Series  3.  Dicabpi^. 

Ovary  usually  superior.     Stamens  alternate  and  isomerous  with 
the  lobes  of  the  corolla  or  fewer.     Carpels  2,  rarely  1-3.     The 

typical  formula  is  S^  |  P^  A  5  (f2. 

OLEACE^.    The  Olive  ajstd  Ash  Order. 

Cbh.  Jasminales,  Benth.  et  Hook, 

Diagnosis. — ^Trees  or  shrubs  with  opposite  and  pinnate  or  simple  leaves ; 
flowers  with  a  4-cleft  (or  sometimes 

obsolete)  calyx ;  a  regular  4-cleft  or  Fig.  408.  Kg.  409. 

nearly  or  quite  4-divided,  hypogynoua 
corolla,  the  lobes  of  which  are  valvate 
in  the  bud,  or  sometimes  apetalous; 
stamens  2-4,  mostly  2,  and  fewer  than 
the  lobes  of  the  corolla  (figs.  408, 409) ; 
ovary  2-celled,  with  2  suspended  ovules 
in  each  cell :  fruit  fleshy  or  capsular, 
often  1 -seeded  by  abortion ;  seeds  with  ^ 

abundant  fleshy  {jerisperm ;  radicle  su-    ^    408.  Diagram  of  flower  of  UUc 
penor. — Illustrative  Genera:  Tribe  1.  (^yrin^):  at,  hndt;  •,  «. 

Tribe  ±FliAX^Km.     Fruit  dry,  SOf/e^     Pig.  409.  Achljjnydeoa.  flower  of /-r«i. 
timet  samaroid,    Frazinus^  Toumef, 
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he, — ^The  relations  of  this  Order  are  rather  obscure.  Some 
aathan  connect  them  with  the  JasminacesB ;  but  although  some  of  the 
renera  mpproach  that  Order  in  Btructure,  they  appear  to  be  distinct  iu 
thev  Tmlrate  coroUa,  adnata  (dorsiiixed)  anthers,  pendulous  ovules,  and 
the  nmture  of  the  perisperm.  They  are  also  related  to  Apocynaceas  and 
fiuboaces.  The  oalvadoraceaB  are  also  to  be  regarded  as  a  neighbouring 
family.    Lindley  thought  the  Order  aUied  to  ScSanaceae. 

DiaCribmiim. — A  small  Order,  the  members  of  which  are  chiefly  found 
in  t^nperate  climates. 

QnaHtiiM  and  Uses. — The  most  important  plant  of  the  Order  is  the  Olive 
^(Mea  atrefKBa),  so  largely  cultivated  for  the  bland  oil  expressed  from  the 
!ir^j  pericarp.  Omus  europ€Baf  O.  rGtundifolia,  and  Praximts  excelsior 
hare  a  sweet  juice  which  hardens  into  tne  substance  called  Manna. 
Rurmuu  exce&ar  is  the  common  Ash-tree,  so  valuable  for  its  tou^h 
wood ;  it  only  produces  Manna  in  a  warmer  climate  than  Britain ;  its 
baik,  as  well  as  that  of  the  Olive  and  Garden  Lilac  {Syringa  vulgaris), 
has  decided  febrifuge  qualities.  The  leaves  of  the  Ash  act  like  senna.  The 
fiowere  of  Oka  fragrans  were  formerly  ased  in  China  to  flavour  Tea.  This 
Order  contains  several  of  the  commonest  flowering  shrubs  of  our  gardens, 
^  IUac  {8gringa)y  Privet  (Ligustrum),  Phillyrea,  Chionanthus,  &e. 

JASMINACEiE. — The  J&omine  Order  consists  of  shrubs,  often  with 
tvioing  stems ;  leaves  opposite  or  alternate,  mostly  compound ;  calyx 
a3kl  corolla  h^pc^ynous,  5-^-parted,  corolla  imbricated  in  the  bud ; 
fSamens  2,  projectmgfrom  the  tube  of  the  corolla;  ovary  superior,  2-lobed, 
^-celled,  with  1-4  erect  ovules  in  each  cell ;  fruit  a  berry  or  capsule ; 
feeds  with  little  or  no  perisperm,  radicle  inferior. — Illustrative  Oenera : 
Jamanum,  L. ;  NyctantkeSj  Juss. 

^mmm^mm^  jbob — ^Thls  Ordcr  is  distinguished  from  the  Oleacese  by  the  im- 
bricAted  aestivation  of  the  corolla,  the  erect  ovules,  and  the  small  quan- 
tities of  perisperm  in  the  seeds,  besides  the  number  of  the  organs  in  the 
f  oral  envelopes,  which  is  seldom  a  multiple  of  the  stamens :  most  authors 
pbce  it  near  Oleaceae,  others  near  ApocynacesB  and  EbenacesB;  but 
lindley  thinks  it  has  little  connexion  with  them,  and  really  approaches 
laare  closely  to  VerbenacesB. 

DfrtribatloD. — The  Order  is  not  very  extensive ;  the  major  part  of  the 
plants  are  East-Indian  \  a  few  occur  scattered,  two  even  in  South  Europe. 

QwOllias  aad  Uses. — ^The  leaves  and  roots  appear  to  possess  a  certain 
acridity ;  but  the  most  remarkable  quality  is  the  fragrance  of  the  flowers 
of  many  kinds,  from  the  presence  of  a  volatile  oil.  Jasminum  officinale, 
J.  grandifiarumf  and  J.  Sambac  especially  yield  this.  Nyctanthes  Arbor- 
tridis  is  also  exceedingly  fragrant,  out  in  the  night-time  only ;  its  corollas 
jieid  an  orange  dye. 

8ALVAIX>RACR£  are  a  small  Order  of  shrubs  or  small  trees  with 
oppoflite  leathery  leaves,  panided  smidl  flowers;  calyx,  corolla,  and 
iUunens  4-m€roa8,  hypogynous;  ovary  superior,  1-2-celled;  stigma 
eentJe;  ovule  1-2,  erect;  fruit  fleshy,  l-seeded,  and  the  seed  without 
periapenn. — It  is  related  by  its  4-nary  structure  to  Oleaceas  and  to  Plan- 
taginieeA,  having  a  mombranoua  corolla  like  the  last ;  also  resembling 

X 
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Plumbaginacee  in  habit  Baillon  points  out  an  affinity  to  Celaatracese. — 
The  species  are  found  in  ludia,  Asia  Minor,  and  North  Africa.  The  most 
important  is  Saltadora  perdca,  supposed  to  be  the  Mustard-tree  of  the 
Bible,  its  fleshy  firuit  having  an  aromatic  odour  and  tasting  like  .garden- 
cress.  The  bark  of  its  root  is  used  in  India  as  a  yesicatoiy.  The  leaves 
of  S.  indica  are  purgatiye. 

LOQAXLACEJE. 

Coh.  Qentianales,  Btnth,  et  Hook, 

Diagnosis, — Trees,  shrubs,  or  herbs  with  opposite  leaves  and  interposed 
stipules  sometimes  reduced  to  an  elevated  line  or  a  ridge ;  calyx  4—5- 
clefit ;  corolla  hypogynous,  gamopetalous,  regular,  4-,  5-,  or  lO-cleft,  val- 
vate  or  contorted  or  imbricated  in  aestivation ;  stamens  springing  from  the 
corolla;  ovary  superior,  usually  2-celled;  style  divided  above  into  as 
many  lobes  as  the  cells  of  the  ovary ;  ovules  numerous  or  solitary ;  frnit 
capsular,  2-celled,  with  the  placentas  finally  detached,  drupaceous,  with 
1-  or  2-seeded  stones,  or  baccate  with  the  seeds  immersed  in  pulp ;  seeds 
with  a  straight  embiyo  in  fleshy  or  cartilaginous  perisperm,  sometimes 
winged,  mostly  peltate ;  embryo  straight,  radicle  inierior. 

Illustrative  Gemeba. 

Tribe  1.  GELSENifUE.  CoroUa-lohes  imbricaie ;  style  b^;  stigmas  lateral ; 

fruit  capsular,    Gelsenium,  Juss, 
Tribe  2.  Eu-Loganiels.    Slyle  simple:  stigma  terminal;  ovtdes  numerous 

in  each  cell  of  the  ovarff.    Spigelia,  L. ;  Buddleia,  L, ;  Desfontainea^ 

Ituiz  et  P. ;  listeria,  WiUd. ;  Strychnos,  X. 
Tribe  8.  G^rtnebejb.    Style  hijid;  cells  of  ovary  l-cvulate ;  corolla4obes 

valvate,    Gaertnera,  Z. 

Affinities,  ftc — ^This  Order  was  formerly  associated  with  Apocynaceas  and 
the  neighbouring  Orders ;  but,  as  remarked  by  Bentham,  it  consists,  on  the 
whole,  of  Rubiaceffi  with  a  free  ovary,  at  the  same  time  approaching,  by 
ceitain  of  its  diverse  forms,  some  of  the  genera  of  several  of  the  CoroUifloral 
Orders  even  more  nearly  than  the  general  mass  approach  Rubiaceae.  To 
Apocynaceae,  which  are  very  near  in  general  structure,  some  genera,  such  as 
Geniostoma,  which  has  contorted  aestivation  of  the  corolla,  and  MiUrasacfne^ 
where  the  carpels  ai'e  partially  distinct  below  and  united  above,  approach 
very  closely ;  mitrasacme  and  Mitreola  were  formerly  arranged  as  doubtful 
Gentianaceae,  and  Faqrma  and  Fotalia  approach  still  more  nearly,  the 
former  greatly  resembling  Lisianthue  in  character,  while  Buddleia  and  its 
allies  have  been  referred  to  Scrophulariaceae  tmtil  lately,  but  are  brought 
into  this  Order  by  Bentham,  since  they  cannot  be  separated  from  Logania, 
The  main  diflerence  from  Apocvnaceee  lies  in  the  stipules ;  but  ^ese  are 
sometimes  reduced  to  a  mere  line  connecting  the  leaves :  the  peculiar 
stigma  of  that  Order  afibrds  another  means  of  separating  them  ;  and  the 
Apocynaof^FB  often  have  hypogynous  glands,  whicn  the  Loganiacess  have 
not.  Fn  m  Gentianaceae  the  distinction  lies  generally  in  the  stipules  and 
the  axjle  placentation ;  occasionally  the  succulent  condition  of  the  fruit 
is  required  as  a  decisive  mark.    From  the  Scrophulaiiace»  the  stipules^ 
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the  legnlsr  ooroUa,  the  a^ireement  of  the  number  of  BtamenB  and  lobes  of 
tbe  eoroUa,  and  qnincmicial  SBStivation  divide  Loganiace®  in  most  cases ; 
tad  although  the  sestiyation  and  the  regular  corolla  occur  sometimes  in 
tii«  fonner  Order,  there  are  then  usually  alternate  leaves  and  no  stipules. 
Ajs  observed  by  Bentham,  this  is  hardly  so  much  a  Natural  Order  as  a 
receptacle  for  anomalous  forms  of  several  really  natural  groups^  Rubiaceee| 
Apocvnacea^,  Gentianaceae,  &c. 

-A  rather  large  group,  the  species  of  which  are  chiefly 


ti\>pical,  but  Bome  are  found  in  North  America  and  Australia. 

QoaltiiM  and  I7m8, — ^The  plants  belonging  to  this  Order  have  mostly 
powerful  poisonous  properties,  in  narticult^  the  genus  Strychnos,  S, 
ymj'tomica  bears  the  seeds  known  by  its  name,  so  noted  for  the  presence 
q£  Str3rchnia.  &  icxifera  is  said  to  furnish  the  active  ingredient  of  the 
oelebnted  Woorali  poison  of  Guiana.  8,  cogens  is  likewise  used  to  poison 
arrows  in  Central  America.  S,  TieuU  (the  bark  of  the  root)  yields  the 
JiTs  poison  called  Upas  Tieut^.  Many  seem  to  be  free  from  strychnia  as 
regards  the  bark ;  for  that  of  S,  Bseuaoquina  is  used  as  a  substitute  for 
Ciochona  in  BrazU,  that  of  8,  Nux-vonUca  al80,and  the  wood  of  8.  UgustrinOk 
called  Li^uin  colubrinum.  8,  potatorum,  an  East-Indian  species,  is  called 
tbe  Cleanng-nut ;  and  it  is  said  that,  when  its  seeds  are  rubbed  round  in  a 
Teoel  containing  muddy  water,  it  causes  the  Impurities  to  settle.  The 
seeds  from  the  Philippines,  known  as  St.  I^atms's  Beans,  have  been 
deKiibed  as  the  seeds  of  a  plant  csUed  Ignatta  amara ;  but  are  probably 
thofle  of  an  unknown  Strychnos,  perhaps  muUifloraj  which  grows  on  those 
klanda.  The  species  of  Spigelia  are  acro-narcotic  ;  8,  marilandica,  the 
Carolina  Pink-root,  and  8.  Anthelmia  are  used  as  vermifuges,  but  are 
aomewhat  dan^rous,  sometimes  producing  spasms  and  even  convulsions. 
lUaUa  amara  is  bitter,  acrid,  and  emetic. 

GBNTIANACEiE.    The  Gentiaii  Obdeb. 

Coh.  GentianaleS;  Betith,  et  Hook. 

Diagnotis. — Smooth  herbs,  with  a  bitter  juice,  opposite  and 
flessiky  mostly  simple,  entire,  and  strongly  ribbed  leaves,  without 
stipules ;  flowers  regular,  with  a  persistent  calyx,  with  stamens  as 
many  as  the  lobes  of  the  usually  withering-persistent  corolla,  and 
vhich  are  convolute  (rarely  imbricated,  and  sometimes  valvate)  in 
the  bad ;  ovary  1-celled,  with  two  parietal  placentas,  projecting 
more  or  less  toward  the  centre ;  the  fruit  mostly  a  2-valved,  septi- 
ddal,  many-seeded  capsule,  sometimes  with  a  fleshy  pericarp; 
seeds  small ;  embryo  mmute  in  the  axis  of  fleshy  perisperm. 

Illustrattvs  Genbba. 

Tribe  1.  EzACEJB.       CoroUa^lobes   contorted   dextrone;   ovary  ^-ceUed, 

Ezacum,  L. 
Tribe  2.  CHiaoNiEiB.  CoroUa-hbes dextrorse;  ovary  l-ceUed,  Chironia,  X. 
'Iribe  3.  SwBBTiEJB.     CoroUa-lobee  mmtorted  or  imbricate ;  ovary  l-eelled ; 

style  short,    Qentiana,  L, 

x2 
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Tribe  4.  Menyaihbe-k,    Leaves  radical  or  attemate ;  coroBa-iobes  tnefwt^ 
plicate-valvaie ;  ovary  l-ceUed,    Menyanthes,  Z. ;  Villareift,  VefU, 

Affinities,  hOm — This  Order  stands  very  near  Apocynacese,  from  whicli  it 
difters  in  its  placentAtion  and  completely  coherent  carpels,  habit,  want  of 
milky  juice,  and  other  points.  The  panetal  placentas  distingnish  it  from 
the  ScrophulariacefB  and  allied  Orders,  which  sometimes  show  an  approacli 
to  the  rej^lar  structure  of  Gentianace».  Gesneraceee  differ  in  their  irre^lar 
flowers,  axile  embryo,  and  other  characters.  An  aflinity  exists  to  Oroban- 
chacesB,  especially  through  Oholaria^  a  N.-American  plant  fbrmerlT  re- 
ferred to  that  Order,  Voyra^  a  parasitic  leafless  genus,  and  some  allied 
forms  lately  discovered  in  South  America,  while  Crawfwrdia^  a  twining: 
genus,  seems  to  connect  the  GentianaceaB  with  Convolvulacete. 

DiBtritration. — A  large  Order,  generally  difiiised — the  large  genus  Gen- 
tiana  es]^cially  inhabiting  the  mountains  of  temperate  and  hot  climates, 
but  not  m  polar  regions. 

Qualities  and  Uses. — Bitter,  tonic  properties  are  general;  a  fe^w  are 
emetic  or  narcotic,  especially  when  fresh.  Among  the  bitter  kindn  medi- 
cinally employed  are  the  Gentians,  O,  lutea  (ofRcmsl)jpufictatafpurpttrea, 
pannonica,  all  European,  G.  Catesbcei  (U.S),  G.  Kurroo  (Himalaya),  Frctsera 
Walieri  (U.S),  Agathotes  Chirayitay  a  native  of  the  Himalayas.  JBrythrtBa 
Ceniattriunif  Menyanthes  trifoliat^y  Chlora  perfoliata,  Gentiana  campe^rts 
and  AmareUa,  all  British  herbs,  have  been  used  in  the  same  way.  The 
plants  of  this  Order  mostlv  have  beautiful  flowers,  brilliant  blue  predomi- 
nating, but  red,  white,  and  purple,  and  more  rarely  yellow  occurring.  The 
Gentianella  of  our  gardens  is  G,  acaulis ;  and  the  smaller  Grentians  are  aniongr 
the  most  beautiful  of  Alpine  plants.  Villarsia  nymphceoides  is  an  ele^nt 
water-plant  occurring  in  Britain.  Limnanthemum,  an  exotic  genus,  is  alsk^ 
aquatic. 

AVOCYNACEJE.    Dog-bakes, 

Coh,  Gentianales,  Benth,  et  Hook, 

Diagnosis, — Plants  with  milky  acrid  juice,  entire  (mostly  oppo- 
site) leaves,  without  stipules;  flowers  regular,  5-merous  and  5- 
androus ;  the  5  lobes  of  the  corolla  convolute  and  twisted  in  the 
bud;  the  filaments  distinct,  springing  from  the  corolla,  and  the 
pollen  granular ;  ovary  2-  or  more  rarely  1-celled,  composed  of  2 
carpels  more  or  less  coherent  in  the  ovarian  and  stylar  region  and 
quite  blended  in  the  drum-shaped  or  diunb-bell-sbaped  stigma  ; 
ovules  numerous  ;  fruit  1  or  2  follicles,  a  capsule,  drupe,  or  berry : 
seeds  mostly  with  fleshy  or  cartilaginous  perisperm,  often  with  a 
tuft  of  hairs  at  the  top. 

Illustrative  Gbnbra. 
Tribe  1.  Cakisskje.    Anthers  free ;  ovary  entire,    Allamanda,  X. 
Tribe  2.  Plumiekieje.     Anthers  free,  without  appendages ;  ovaries  free  ; 

styles  vnited,    Vinca,  Z. 
Tribe  3.  Echitidkx:.    Aniher-ceUs  with  appendages  at  the  base ;  ovaries 

free ;  styles  united,    Nerium,  i. 
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te. — ^Related  closely  to  some  Loganiaceae  and  to  Gentianaceaa, 

»  noticed  nndeT  those  Orders — also  to  Asclepiadaceas,  from  which  they  are 

fksisAj  distiiiguished  by  the  freedom  of  the  stamens  from  the  stigma  and 

by  the  granular  pollen.     The  thickened  stigma,  however,  and  appendaged 

AotlieiB  found  here  indicate  a  close  relationship.    Alyxia  has  ruminate 

paiispenn. 


—  large  group,  the  species  of  which  are  chiefly  tropical, 

a  few  scattered  in  temperate  climates.     Vinca  occurs  in  Britain. 


QiMilitUin  and  Vms. — Often  violent  poisons,  acting  as  drastic  purgatives 

and  emetics,  sometimes  with  a  narcotic  influence.    Not  a  few,  however, 

have  delicious  edible  fruits ;  and  the  bark  of  some  is  tonic  and  febrifuge. 

The  milky  juice  contains  Caoutchouc,  in  some  cases  sufficient  to  become 

ocHnmercially  valuable.    The  poisonous  principles  appeal*  to  occur  chiefly 

b  the  seeds  and  in  the  milky  juice.     The  seeos  of  Tanghinia  venenifera, 

the  Mada^rascar  Poison-nut,  are  very  deadly,  as  are  also  the  seeds  of 

Cerbera,  Tkecetidy  Cameraria  laii/olia  (the  Bastard  Manchineel),  the 

rtem,  root,    leaves,    and  flowers  of  Nerium  (the  Oleander),   Echites, 

FhanterOj  &c.    Where  somewhat  milder,  as  in  Apocynum  and  AUamanda, 

the  plants  are  occasionally  available  medicinall^r,  but  only  in  small  doses. 

Wrufhtia  atUidt/sefUerica,  some  species  of  Carissa,  Hancomia  puhescens, 

md  others  are  aimply  bitter  and  lebrifuge,  like  Gentians.    The  succulent 

froits  of  Hancumia  speciosa  (Brazil),  Qirissa  Cdrandas  and  edulis  (East 

In^es),  Brntpellia  grata  (Sierra  Leone),  are  not  only  harmless,'  but  ver^ 

delicious.    Caoutchouc  is  obtained  from   Urceola  elasticOf   Willtighbeta 

Mis  (East  Indies),  Vahea  gummifera  ^Madagascar),  CoUophora  utUtssjid 

Camerearia  kUifolia  (South  America),  also  from  species  of  Landdphia  and 

EsmeonUa.     The  milky  juice  of  TabemamontaTia  utilisj  the  Cow- tree  of 

Ikaeniu,  is  innocuous  and  nutritious.     Wrightia  tmstorxa  furnishes  a 

idod  of  indigo ;  and  the  wood  of  species  of  Wrightia  (East  Indies), 

Atpiiomerma  (Ouiana),  &c.  is  valuable  as  timber.    The  baxk  of  Alstonia 

sdUaru   is  recommended  as  a  tonic  and    antiperiodic.      This  Order 

hndskes  some  of  our  most  beautiful  stove-plants — EchiteSf  AUanumda, 

Luiadema,  Cerium,  Flumiera^  &c.  forming  striking  ornaments  in  every 

oteoave  liorticiiltaTal  collection. 


ASCLEPIADACE^. 
Coh,  Gentianales,  Benth.  et  Hook. 

Diamyoms^' — Shrubs  or  herbs,  often  twining,  with  milky  juice, 
opiK»te  or  ^whorled  (rarely  scattered)  entire  leaves  without  stipules : 
ftowers  regular,  5-mepous,  6-androu8,  tbe  lobes  of  the  corolla  mostly 
^vale;  filaments  springing  from  the  corolla-tube,  united  into  a 
tube,  and  often  prolonged  beyond  and  behind  the  antber  into  bom- 
like proceaaes  constituting   tbe   corona;    carpels   2,  distinct,   or 
eoberent  below ;  stigmas  coherent  into  a  5-angled  fleshy  bead,  to 
whidi  tbe  withers  are  adherent  (fig.  410) ;  pollen  coherent  into 
Tax-like  or  granular  masses ;  ovaries  with  numerous  ovules  on  th^ 
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Butiirea ;  fruit  a  pair  of  Folliclee,  or  by  abortion  1 ;  seeds  mcwtly 
witb  a  crown  of  hairs  at  the  hilutn,  witli  thin  peiispenn. 

llLUHTBATIVE  Gbnxra. 

Suborder  1.  PKRIPLOCEfi.     Jf^Uen  granuiar;  mUken  acttminate.     Peri- 

ploca,  L. 
Suborders.  Asclxpiade^.     Filamtnl*  wtited  tnl-o  a  tube ,  polknintcary 

eohtrmU  puUinia.    Asclepins,  L. ;  Hoja,  R.  Br. ;  Stapelia,  L. 


«,  Flower  of  i4fFf«fla«pftrpvra«etnf;  A^aT«Ttio«l  ■Htion.iriUi  lh#  prtali  nrmm*i : 
t,  lids  view  of  K  atviiflii ;  d.  fmide  litm  ot  an  utiur  i^  poll«n-iu);  *t  two 

AffiutttM,  ^. — The  geaem  we  further  erouped  into  tribes  and  mibtri  bea, 
according  to  the  nnture  of  the  anthers  and  poUinia.  The  curiouii  organiza- 
tion of  the  stigma  and  pollen  is  the  great  distioguiahing  feature  of  this 
Order,  which  in  other  reajiecta  is  closely  allied  to  Apocynac^se.  When  tho 
pollen  is  mature,  it  escapes  in  "polIen-mfutsoB"  from  the  antheis  (fig.  410,  «}, 
and  adheres  to  gelalinous  processes  developed  on  the  sides  of  the  stigma, 
which  retain  it,  so  that  it  can  push  its  pollen-tubes  into  the  lateral  ajid 
inferior  stigmatic  surfaces ;  after  fertilization,  the  stigma  with  the  ad- 
herent anthera  and  filaments  eepHrat«  from  the  style  snd  leave  a  pair  of 
distinct  carpels,  which  ripen  (one  or  both)  into  free  follicles. 

IMMrlbntion. — A  large  Order,  mostly  tropical,  in  Asia,  Africa,  and 
America;  one  or  two  species  occur  in  Europe,  and  a  few  in  North 
America. 

Qnalltlea  and  Uws. — QeneraJly  resembling  the  Apocynacefo ;  bat  the 
active  properties  are  not  so  much  developed,  and  the  succulent  fruits  do 
not  appear  here.  Species  ot  AKlepiai,  Ci/nanchum,  Cahtropu  (Hudar), 
Tt/lopttora,  and  Pei-ipUica  are  more  or  less  emetic  or  purgative ;  the  leaves 
of  Soifnoet«mma  Arghel  and  Gmnphocarptu  frvHaitiu  are  fiequent  adulte- 
rations in  Alexandrian  Senna,  and  are  said  to  cause  griping.     The  roots 
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cf  EemiiegmuM  indieus  are  used  as  a  substitute  for  Sarsaparilla.  The 
mky  juice  of  C^^nanchum  ovalifolium  yields  Caoutchouc  at  Penang. 
Mandtma  tenaeusima  and  Orthanthera  viminea,  East-Indian  plants,  afford 
TtTj  tenadons  fibre ;  Marsdenia  Unctoria  a  kind  of  Indigo.  The  8tapeli€B 
and  CaropeguB  are  remarkable  for  their  succulent  habit ;  some  of  them 
i^rm  curious  tubers,  as  Brachygtelma.  Hoya  partakes  of  the  succulent 
bbit,  but  has  wax-like  leaves  and  blossoms,  sometimes  very  handsonie. 
LUehidia  is  remarkable  for  its  pitcher-leaves.  Gipmuma  lactifera  is  the 
Cow-pUnt  of  Cejlon,  whicJi  yields  a  milky  juice,  harmless  and  nutritious, 
lod  which  is  ua^  by  the  natives  as  food. 

ilTi>BOPHTi.LACicjB  form  a  small  Order,  allied  in  some  respects  to 
Bcnginaceae,  but  differing  in  their  one-celled  many-seeded  ovary  with 
puietal  placentation,  which  also  separates  them  from  Polemoniacese,  with 
wiiich  they  have  many  points  of  agreement.  They  are  chiefly  natives  of 
the  north  and  extreme  south  of  America.  Their  properties  are  imimportant ; 
bet  species  of  some  of  the  genera,  as  NeniophUa,  Eutvca,  &c.,  are  interesting 
ifid  snowy  garden  plants,  grown  with  us  as  tender  annuals.  Hydroleads 
iR  tometimes  separated  from  this  Older  by  reason  of  their  distinct  styles 
lod  anatropous  ovules. 

DxAPBxsiACiSA  consist  of  two  genera,  Diavenna  and  Pyxidantheraf 
each  having  one  species.  They  are  connectea  with  ConvolvulaceaB  by 
»>me  authors,  but  appear  to  stand  between  Hydrophyllacese  and  Pole- 
lopoiaceae,  having  a  -Celled  ovary  like  the  latter,  and  a  filiform  embryo 
vith  very  short  cotyledons,  approaching  that  of  the  former.  They  are 
very  closely  allied  to  Ericaceee,  but  the  anthers  do  not  open  by  pores. 

FOLEMONIACE^  (the  Phlox  Obdeb)  consists  of  herbs  with 
iltemate  or  opposite  leaves,  reg^ular  5-merous  and  5-androus  flowers,  the 
lobes  of  the  corolla  mostly  convolute  (sometimes  imbricated)  in  SBstiva- 
tun ;  o?ary  3-ceUed,  style  3-lobed  ,*  the  capsule  8-celled,  d-valved,  few- 
(v  many-seeded }  valves  usually  breaking  away  from  a  triangular  central 
eolomella  \  seeds  perispermic ;  embryo  straight ;  cotyledons  elliptical, 
toliacsous. — ^lUustrative  Genera :  PhloXj  L.  \  PoUmoniumj  Toumef. ; 
CBitfOjCav. 

AlBiritisa,  Ac. — One  of  the  smaller  Orders ;  it  is  remarkable  for  its 
3-KlJed  ovary.  It  is  nearly  related  to  Convolvulacece,  Ccib^ea  agreeing 
CTen  in  the  chmbing  habit;  the  ovary  equally  distinguishes  it  from  tiiese, 
^  HydrophyUacete,  and  the  Gentianaceae,  to  all  of  which  it  has  close 
^ity.  From  Diapensiaceie  it  differs  in  the  regular  calyx  and  insertion 
of  the  stamens,  as  well  as  in  the  embryo.  The  seeds  are  remarkable  in 
^nuij  esses  for  hairs  upon  the  testa  containing  a  spiral  fibre ;  in  Coihmia 
^^88  expand  elaaticaliy  when  wetted ;  in  Cobaa  they  are  short,  broad, 
»m1  firmA— The  Polemoniaceie  occur  most  abundantly  in  the  temperate 
i^Bs  of  North  and  South  America.  Iblemomum  C€BnUeum,  Greek 
Valerisn  or  Jacob's  Ladder,  grows  in  the  north  of  England,  and  is  common 
^  gudens.  The  other  genera  furnish  some  of  the  favourite  tender  peren- 
oiiU  and  annual  herbaceous  plants  of  our  gardens.  They  have  no  im- 
portant properties* 
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CONVOLVTJLACE,E.    Tm  Btbdwebd  Obdee. 
Coh.  Conrolvulales,  SetUh.  et  SotA, 

Dtagnosit. — Chie67  twioing  or  trailmg  herbs,  aometimee  leafless 
and  parasitic,  or  abrubt^  and  erect,  oft^  with  gome  milky  juice ; 
with    alternate    leaves    (or    scales) ;      j^  ^^^ 
flowers  regular,  S-androus ;    calyx  of        * 
5  imbricated  sepals,  the  5-plaited  or  x^  4]2 

5-lobed  corolla  convolute  or  twisted  in 
the   bud ;    ovary    2-celled  (rarely   3- 
celled),  or  with  2  separate  pistils,  with 
2  erect  ovules  in  each   cell,  the  cell 
sometimes  doubled  by  a  false  partition 
between  the  seeds,  thus  falsely  4-celled ; 
embryo  lirge,  curved  or  coiled  in  mu- 
dlagiron^  perisperm,  with  foliaceoua 
cotyledons,  or  ( Cu*!u(ca;)  tiliforni  and  '''S^ii™— 
coiled  with  the  cotyledons  scarcely  per-  '•«■  <"■  ^'jj"*  ^Tttioa  rf  ibe 
ceptible  ;  radicle  inferior.— Ill ustrarive     '™u«<^««oW-.. 
Genera ;  Convolvidia,  L. ;  Cvxula,  Toumef. 

AttnlttM.  a«, — ThiR  Order  approBchea  the  r«gul&r  sympetnloue  Bor»gi- 
nsceie,  Folemoniacete,  and  allied  Orders;  the  structure  of  the  ovary 
sepamtea  it  from  the  fint,  the  curved  embryo  and  the  inuta  from  tha 
second.  Coidias  also  differ  in  their  aperispermic  seeda  and  superior 
radicle.  Some  of  the  Convolvulacece  are  of  ahrubby  hatut^  and  oepart 
widely  from  the  appearance  with  which  we  are  moat  familiar.  Ctuaita 
ie  aometimea  made  the  type  of  a  distinct  Order ;  but  t^e  parasitical  halut 
ia  not  a  auffident  character. 

Dtatrltmtloii. — A  large  Order,  of  which  a  few  species  occur  in  temperate 
climates,  but  the  majoiily  belong  to  the  tropics. 

QuaUtlH  mud  nieo.. — A  purgative  _property  generally  ehaiacterizee  these 
plnnta,  nmon^  which  are  several  yielding  importAut  medicinal  aubetances. 
True  Jalap  ie  the  root  of  Erogoniwm  Purga,  Scammony  of  ComelrvlMt 
Seavtmonta ;  Pharbitit  cathariica  and  Ipomaa  tubfrosa  ytdd  a  similar 
Bubfitance.  The  white  hedge-Con volvulua  (Calyitrgui  tepimn)  hta  a 
■iniilar  action,  aa  also  various  Ifwrnais  and  Conmimli,  the  active  matter 
being  a  kind  of  reain  exialing  in  the  millij  juice.  The  aeeda  of  JAoriitu 
NU  (aemeu  Ealadanie}  and  P.  aemlea  are  also  used  as  put^tives.  On 
the  (.ther  hand,  Ipomaa  tduiit  forma  a  lai^  fleahy  tuber,  which  is  widrfy 
cultivated  and  eaten  under  the  name  of  the  Sweet  Potato,  and  Ipomra 
macrorluta  has  edible  farineceoua  roots.  The  twining  and  trailing  ptuita 
of  this  Order  are  mostly  remarkable  for  the  beauty  of  their  tiowera,  and 
many  of  them  are  cultivated ;  the  garden  Major  Convolvulua  is  l^ariitii 
purpurea,  the  blue  Minor  Convolvulus  ie  Coni^tiulus  tricolor.  CrmvoiTulia 
arventu,  Bindweed,  grows  everywhere,  on  the  ground,  rooting  at  the 
nodes ;  C.  SoUmeUa  grow*  in  like  manner  on  the  aearshote ;  Odytltful 
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■[/■"■■I,  the  White  Cnnvolrulus,  it  one  of  our  most  beautiful  And  at  the 
■«ine  time  commoDest  hedge-plants. — The  CuKutetr  or  ''  Doddeia  "  are 
tenMib>bk  for  their  leafless  and  parasitic  habit ;  they  germinate  in  the 
{nouDd,  and  then  coil  themselves  round  the  atem?  of  plants  and  send  roots 
m  through  their  lind,  bj  which  they  are  then  entirely  nouiished.  Thev 
hare  wire-]iie  stems  with  toinute  scales  at  the  nodes,  and  tufts  of  small 
ConTohiiiaceous  flowers.  Thej  ara  great  pestsin  clover-  and  flax-fields, 
destroying  the  plants  they  infest. 

SOLANACE.E.    Nightshades. 

Cak.  Folemoni&lea,  Stnth.  tt  Hook. 

Oitignotis. — Herbs,  rarely  shrubs  or  trees,  with  oolourleaa  juice 
ud  alternate  leaves ;  flowers  regular,  or  slightly  irregulnr,  often 
extis-axilhuy,  o-merous  and  &-aiidrous,  ou  bractless  pedicels ; 
corolla  hypogyiioiis,  plaited-imbricate,  plaited -con  volute,  or  invo- 
lutive-TalTate  iD  lestivation ;  stamens  epipetalous ;  ovary  2-celled, 
cells  antero-posterior ;  fruit  a  2-ceUed  {rarely  3-5-eelled)  many- 
Keded  capsule  or  a  succulent  berry.  Seeds  perispermic ;  embryo 
eorred. 

Fig.  41S. 
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Charaeltr. 

ThalmMu  fl&t.  Caiyx  free,  or  nrely  4-  or  6-cleft,  persistent,  or 
the  upper  part  separattug  bj  tranaverae  dehisceace,  mostlj 
growJDg  somewhat  during  the  ripening  of  the  fruit  (accrescent). 
Corolla  gamopetaloua,  5-  or  rarely  4r-  or  6-pBrt«d  or  toothed, 
rotate,  campaaulate,  funnel-  or  salver- shaped,  sometimes  ob- 
liquely irregular,  plaited-imbricate,  plaited-con volute,  or  involu- 
tive-valntte  in  the  bud.  Slamtra  springing  from  the  tube  of  the 
corolla,  equal  in  number  to  its  lobes  and  aliemate  with  them ; 
^lamenti  sometimes  rather  unequal ;  anlhert  2-celled,  with  the 

IV- 414. 


cells  sometimes  connate  above,  dehisring  longitudinally  or  by 
terminal  pores.  Ovary  usually  2-celled,  the  carpels  antero- 
posterior ;  placentaa  axile,  ROraetimes  enlarged  into  spurious 
aissepiments,  rendering  the  ovorv  4-celled ;  ovary  rarely  3-5- 
celled  by  increased  number  of  carpels  ;  ovuUi  numerous ;  ftyU 
simple ;  ttigma  simple  or  lobed.  Fruit  capsular,  with  septidda! 
or  transverse  dehiscence  (fig.  294),  or  a  succulent  or  dryish  in- 
dehiscent  berry  (fig.  301)  ;  uedt  numerous,  the  embryo  mostly 
slender  and  curved,  sometimes  str^ght,  with  foliaceous  ooty- 
ledons  in  fleshy  peris  perm. 

Illdstbativr  Gbnkka. 

Petunia,  Jwi.  I  Hyoscyamus,  Toumef.    I  Salannm,  L. 

Nicotian^  Timmtf.      PhyBaUs,  L.  Atropa,  L. 

Datura,  L.  {  Cspaicum,  Toumef.         \  Mandtagora,  Toumef. 

Affiuittea,  Ad. — A  coDuderabla  range  of  vaiiatioD  in  the  condition  ofraort 
of  the  or^ns  u_pon  which  a  chsracler  ia  founded  renders  it  difScult  lo 
circumscribe  this  Order  strictly;  in  fact  it  passes  by  almost  inseniibte 
gradatioas  into  the  Scrophulanacew.    Generally  spealdng,  the  SoUdsmk 
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n«  £itiiie:iiuh«d  bj  the  plaited  leatiTntaoii  of  the  corolU,  equKlitj  of  the 
aiunberof  ottaiens  with  the  lobes  of  tha  corolla,  and  a  curved  embryo 
bom  the  Scraphularticew,  which  hftve  imbricated  festivation,  atameiu 
frwer  than  the^bee  of  the  corolla,  and  a  atiaight  embrjo ;  but  none  of 


thw  chuacters  are  constant  in  tha  former  Order ;  yet  the  nearly  regular 
Nnlli  ud  five  perfect  stamens  will  in  almost  all  canea  distinKuiah  the 
Soliti»CB«.  Miers  has  proposed,  in  extension  of  a  auj^ation  of  R.  Brown, 
^  Mtiblish  a  new  Order,  Atropacera,  to  include  the  aberrant  forms  of 
^lUoKec  and  Scmphulariaceffi,  and  leave  these  better  defined — the  brief 
^■gnoses  of  these  Orders  being : — 

^  SoLUfACKA.  Stamens  equal  in  number  to  the  lobes  of  the  corolla  (or 
peliJi),  whose  testivation  isvalvataorinduplicate-valvate. — 2.  Atbo- 
tUXM.   Stamens  equal  in  number  to  the  lobes  of  the  corolla  (or 


i 
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petalg),  one  sometimes  sterile;  nstiTation  of  the  corolla  imbricates! , 
or  some  modification  of  imbricated. — 3.  Scbophulabiac&s.  Stameua 
less  in  number  than  the  lobes  of  the  corolla  (or  petals),  4  or  2 ;  «atl- 
vation  of  the  corolla  imbricated. 

This  arrangement  is,  however,  not  adopted  by  Bentham  and  Hooker, 
who  make  five  tribes  of  this  order,  viz. : — Solanese,  Atrope®,  Hyoscy- 
amese,  CestrinesB,  and  Salpiglossideffi.  The  removal  of  the  Buddhietp  to 
LoganiacesB,  as  proposed  by  Bentham,  however,  is  favourable  to  tliis 
arrangement,  as  it  removes  the  4-androus  genera  with  regular  4-lobed. 
corollas,  which  would  render  the  above  diagnosis  of  Scrophulsjiacese  fault^^. 
The  Solanaceffi,  as  a  whole,  have,  however,  closer  relations  with  some 
of  the  regular  gamopetalous  Orders,  partieularly  with  Hydrophyllaceae 
and  Convolvulace» ;  they  are  connecteowith  BoraginacesB  ij  Grdbowskia^^ 
a  Brazilian  genus,  formerly  regarded  as  a  Lyciwn,  which  has  the  habit  of 
the  latter  with  the  ovary  of  BoraginacesB  :  it  is  nearly  related  to  Holarui, 
According  to  Lindley,  Veftrum  connects  the  Solanacesdwith  theOleacese, 
through  Syringa ;  but  although  it  has  a  straight  embryo  with  foliaceous 
cotyledons,  the  radicle  is  inferior,  not  superior,  and  the  resemblance  appears 
to  exist  chiefly  in  habit.  Polemonlaceas  differ  in  their  3-celled  ovaiy  and 
straight  embryo. 

Dlstribntlon. — ^A  veiy  larse  Order,  the  members  of  which  are  generally 
distributed,  and  most  abunaantly  in  the  tropics. 

QnalltleB  and  Uses. — The  genera  referable  to  AtropaceiB,  as  indicated 
above,  are  mostly  characterized  by  narcotic  poisonous  properties.     The 
Solanaceffi  are  apparently  less  powerful,  and  certain  kinds  furnish  whole- 
some and  some  important  articles  of  food ;  but  many  of  them  pc^sess  nar- 
cotic properties,    oome  have  an  acrid  quality ;  some  have  diuretic  action ; 
and  others  are  accounted  tonics.    Among  the  poisonous  kinds  the  most 
important  are : — the  Atropa  Belladonna  (Deadfy  Nightshade,  which  has 
the  curious  property  of  relaxing  the  iris,  and  thus  causing  dilation  of  the 
pupil,  as  also  does  Anthocerds  vUcom)  ;  Dtxtura  Stramontum  (the  Thorn- 
apple),  and  2>.  Metel,  Tatula^  fcrox,  alba,  &c. ;  Hyo9cyamw  niger  (Hen- 
bane), and  other  species ;  Nicottana  Tabacum,  persicaj  and  rtutica  (the 
American,  Persian,  and  Syrian  Tobacco-plants) :  Mandragora  officmaKa 
(the  Mandrake),  Acanthera  venenatay  a  Cape  shrub,  said  to  be  more  deadly 
than  any  of  them.    The  foliage  of  sc»me  species  of  Soktnum  is  said  to  have 
active  properties  of  the  same  kind,  especially  iS^.n^rum  (Black  Nightshade), 
S,  Ihdcamara  (Bitter-sweet  or  Woody  Nightshade),  and  even  the  leaves 
and  stems  of  S,  tuberosum  (the  common  Potato)  and  Fkymlis  somnifera, 
Solanum  Pgeudo-gtdna  is  employed  in  Brazil  as  a  substitute  for  Cinchona. 
Some  species  of  Cestrum,  as  taurifolia  and  Pseudo-^nnaj  are  said  to  have 
similar  properties.    Other  Cedra,  as  C.  euantheSf  kdvigatumy  &c.,  many 
species  of  PhysaUsy  Solanuniy  &c.,  are  accounted  diuretic.    The  natives  of 
central  Australia  chew  the  leaves  of  Pitury,  Ihiboisia  Hopwoodii,  as  a 
stimulant.   It  has  similar  properties  to  Coca  (p.  284),  and  dilates  the  pupil. 

The  species  of  Capsicum  are  remarkable  for  the  pungent  quality  of  the 
fruits,  tne  common  Capsicum  being  the  produce  of  C,  annmuHy  and 
Cayenne  pepper  consisting  of  the  powdered  seeds  of  various  species,  such  as 
C,  fruteBcens,    While  some  of  the  plants  are  such  active  poisons  in  all  parts, 
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yttpTs-  Wire  only  partially  or  not  at  all  bo.    The  berriea  as  well  as  the  foliage 
9f  Atropa^  for  example,  and  the  Beeds  and  capsules  as  well  as  the  foliage  of 
Eyfrne^amuu^  are  Teiy  deadly ;  but  the  succulent  fruits  of  many  species  of 
.SWomnn  are  wholesome,  as  the  Egg-Anple  or  Aubergine  (JS,  metongena), 
tiiose  of  8.  laeiniatum,  eaten  in  Australia  under  the  name  of  Kangaroo 
Apples^  Sec,  and,  it  is  said  (but  this  wants  confirmation),  those  of  the 
S.miffnan^  Duicamara,  and  others.   Lycopersicum  esculentum,  the  Tomato, 
is  another  example.     StiU  more  striking  appears  the  instance  of  the 
Potato,  at  first  sight;  but  it  must  be  remembered  that  the  edible  tuber  is 
aa  artificial  product,  and  consists  chiefly  of  cellular  tissue  and  starch  deve- 
k'fed  under  circumstances  that  oppose  the  formation  of  the  noxious  secre- 
ti-:-B :  and  what  is  present  may  be  dissipated  by  heat.    It  is  said  that  the 
p  liaonoos  element  of  Solanaceous  fruits  exists  in  a  pulpy  covering  of  the 
w^Y  not  in  the  pericarp.    It  is  desirable  that  this  point  should  be  ascer- 
tained. 

CoBDiACEiB  constitute  an  Order,  chiefly  consisting  of  tropical  plants, 
6  mhined  with  Boraginacess  by  Bentham  and  Hooker,  from  which,  how- 
CTcr,  they  differ  in  the  twisted  aestivation  of  the  corolla  and  the  plaited 
entyledons.  From  Convolvulaceas  they  differ  in  their  superior  radicle  and 
tJK  absence  of  perisperm.  Tbe  Order  is  remarkable  for  the  plaited  cotyle- 
iocs  of  the  embryo. — ^The  fruits  of  Cordia  Myxa  and  hti/oUa  are  called 
Sebertena  or  Sebesten  plums,  and,  with  those  of  other  species,  are  edible. 

NoLAKACE^  are  a  small  group  of  South-American  plants,  referred  by 
Benduun  and  Hooker  to  ConvolvulacesB,  by  others  to  Boraginacese,  some- 
tmes  erected  into  a  distinct  Order  on  account  of  the  valvate  calyx,  plaited 
Rfular  coToUa,  the  ovary  of  5-20  carpels,  either  distinct,  or  when  nume- 
rous combined  into  several  sets,  seatea  on  a  fleshy  disk,  with  a  single  style 
lad  sdgma ;  the  embryo  curved,  in  little  perisperm.  The  chief  distinction 
&om  Boraginaceas  lies  in  the  5-merou3  ovary  and  the  absence  of  the  scroll- 
like inflorescence ;  they  may  be  regarded  as  aberrant  forms  of  that  Order. 
Some  species  of  Nolana  are  cultivated  in  gardens  for  their  showy  flowers, 
6omewhat  resembling  blue  Convolvuli.  Their  properties  are  unknown. — 
Geneia:  NoUmOj  L. ;  Alona,  Lindl. 

BOEAGINACE^.    The  Bugloss  Oedeb. 

Coh.  Polemoniales,  Benth,  et  Hook, 

DiagnotiB, — Chiefly  roughly  hairy  herbs  (not  aromatic),  with 

tlternate  entire  leaves,  a  scorpioid  inflorescence  ^     ..^ 

Mually  without  bracts,  and  symmetrical  flowers  ^' 

with  a  5-parted  calyx,  an  hypogynous,  regular  ^"^^  "" 
(rarely  sHghtly  irregular)  5-lobed  corolla,  5  stamens 
•pringing  from  tbe  corolla-tube ;   ovary  of  two 
orpeb,  each  deepfy  4-lobed,  the  lobes  surround- 
mg  tbe  base  of  the  single  gynobasic  style,  and^^.^^^  "^  ^  . 

forming  when    npe    4    incieDiscent    l-seeaea  Boi^naoeoua  plant, 

sebenesin  the  bottom  of  the  persistent  calyx;  f^^to^J^lt  f^r 

stiema  simple  or  bifid;   seeds  separable  from  mdehiscent    carpeu. 

,,^       .        *  .  .  J*  1  •  ieparatiiur  from  each 

the  pericarp,  apenspermic ;  radicle  supenor.  other. 
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Echium,  X. 
Borago,  Totitnef, 


Illustrative  Genera. 

Symphytum,  Z. 
^cnusa,  X. 


Litboepermiun,  X. 
Myosodsy  X. 


AfflnltlM,  Ac— The  floral  formula  is  §5  |  P6  A  5  G 2.      The   4-lobed 


Fig.  417. 


Sooiptaid  cjxne  . 


OTary  and  fruit  of  thig  Order  agree  exactly 
"with  those  of  the  Labiatiey  in  which  the  ir- 
regular corolla,  didynamous  stamens,  opposite 
leaves,  and  souare  stems  differ  widely.  This 
character  of  the  ovary  does  not  occur  in  any 
other  regular  5-androus  gamopetalous  Order. 
The  Nolanaceae  and  Ehretiaceas  depart  from  the 
general  type  of  this  Order.  Ehretiace®  seem 
to  bear  the  same  relation  to  the  proper  Bora- 
ginacese  as  the  Verbenacesd  to  Labiatse,  having 
confluent  carpels,  terminal  styles,  and  a  shrubby 
or  arborescent  habit  The  corolla  mostly  pre- 
sents a  coronet  of  scales  in  the  throat,  which 
some  incline  to  regard  as  abortive  stamens.  The 
bractless  inflorescence  of  some  of  the  genera 
is  remarkable.  The  inflorescence,  whether 
with  or  without  bracts,  is  probably  a  unipar 
rous  scorpioid  cyme,  though  it  has  been  con- 
sidered to  be  an  inflorescence  of  '^  parti- 
tion.'' 

DiMrilmtloii. — A  large  Order,  the  species  of  which  are  mostly  natives  of 
temperate  climates  in  the  northern  hemisphere. 

Qualities  and  Uses. — The  plants  of  this  Order,  remarkable  for  their  rough 
foliage,  have  a  reputation  as  mucilaginous  and  cooling  herbs.  Their  chief 
importance  lies  in  the  dye  furnished  by  the  roots  of  Anchusa  ttnetorin 
(Aikanet)  and  various  epecies  of  Echiunij  Onosma,  &c.,  and  the  beauty  of 
their  flowers,  whence  the  genera  above  cited  include  many  common 
garden  plants.  The  Forget-me-not  is  a  native  species  of  the  genus  Jtfyo- 
9oti8,    Many  Boraginacese  occur  wild  with  us. 

EHRBTiACEiB  cousist  of  a  group  of  plants  included  in  Boraginacete 
by  Bentham  and  Hooker,  but  separated  b^  some  authors  on  account  of 
tne  coherence  of  the  carpels  and  the  terminal  style  (which  is  gynobesic 
in  true  Boraginace»)  and  a  drupa<;eou8  fruit  Some  genera  have  peri- 
Bperm,  others  not.  They  seem  to  be  as  distinct  here  as  Verbenacete  trom 
tne  Labiates ;  but  the  agreement  is  very  close  at  some  points  in  both  cases. 
They  are  also  nearly  related  to  the  Cordiaceae ;  but  the  latter  have  twisted 
aestivation  and  plaited  cotyledons. — Most  of  them  ai'e  tropical  trees  or 
shrubs.  None  are  of  much  importance :  the  drupes  of  some  EhrdMB  are 
eaten ;  the  Heliotrope  (Heliotropium  pertivumum)  is  universally  known 
for  its  delicious  odour. — Genera :  Ehrttia,  L. ;  ToumeforU€if  B,  Br. ; 
Helioiropium,  L.,  &c. 
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LABIATE. 

Coh,  LamialeSy  Bewth.  et  Hook, 

Dia^nais. — Chiefly  herbs,  with  square  stems  uid  opposite  aro- 
laatic  leaves ;  flowers  with  a  more  or  less  2-lippe(i,  hypogynous 
corolla,  didynamous  or  diandrous  stamens ;  deeply  4-lobed  ovary, 
the  lobes  siirroundiDg  the  base  of  the  single  gynobasic  style,  and 
forming,  when  ripe,  4  indehiscent  l-seeded  achenes  in  the  bottom 
of  the  persistent  calyx ;  stigma  bifid;  seeds  erect,  with  little  or  no 
penspenn. 

TkaJanua  flat  or  slightly  elongated,  often  prolonged  into  a  hypo- 
prynous  disk  or  series  of  glands.  Calyx  inferior,  persistent,  tu- 
bular, o-merous,  with  the  odd  sepal  posterior ;  the  limb  regu- 
lariy  5-  or  10-toothed,  or  irregular  and  bilabiate  (fig.  418),  3-  to 

Hg.  420. 


i%.  419. 


Fig.  418. 


flf .  418.  Oftlyx  of  SaMa,  Fig.  410.  Corolla  of  SaMa. 

llg.  4ao.  CorallA  of  GUdtoma  opened,  ahowing  Uie  did jnamoas  ■tamenfl. 

19-tooU)ed.  Corolla  h3rpogynous,  gamopetalous,  bilabiate;  the 
upper  lip  entire  or  divided,  arched  or  almost  suppressed; 
the  lower  lip  usually  larger  and  d-lobed  {^g.  419).  Stamens 
springing  from  the  corolla,  4,  didynamous  {^g,  420),  or  some- 
tunes  2 ;  anthers  2-ceUed  or  apparently  1-celled  from  the  ap- 
position of  the  cells  at  the  apex,  or  with  the  filament  or  con- 
nective bifurcate  and  bearing  either  2  single  cells  or  1  perfect 
cell  and  a  sterile  process.  Ovary  deeply  4-lobed,  on  a  flef^hy 
disk,  4-celled9  each  cell  with  1  erect  ovule ;  style  simple,  arising 
from  the  bottom  of  the  carpels  ;  stigma  forked.  Fruit  composed 
of  4,  or,  by  abortion,  3,  2,  or  1,  dry,  separable,  1-seeded  por- 
tions, surrounded  by  the  persistent  calyx  ;  seeds  with  little  or  no 
perisperm ;  cotyledons  flat ;  radicle  inferior. 
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Lavandula,  Z. 
Mentha,  Z. 
Salvia,  Z. 
HoamarinuSy  Z. 
Origanum,  Z. 


Illustrative  Genera. 


Thymus,  Z. 
Hysaopus,  Z. 
Prunella,  Z. 
Lamium,  Z. 
Stachys,  JBenth, 


Marmbium,  X. 
Ballotn,  Z. 
Phlomis,  Z. 
Teucrium,  Z. 
Ajuga,  Z. 


AfBnltiefl,  &c. — A  large  and  well-marked  order,  divided  bv  Bentham 
into  eight  tribes,  according  to  the  number,  position,  and  direction  of 
the  fertile  stamens.  The  genera  are  founded  on  variations  in  the  calyx  and 
corolla,  &c.  As  regards  the  structure  of  its  ovary,  this  Order  "agrees 
exactly  with  Boraginace®,  from  which,  however,  almost  all  its  other 

characters  distinjcuisb  it.  The  ordinary  structure  isS5  |  P5A4G2,as 
for  all  Orders  with  didynamous  stamens.  Among  the  didynamous  un- 
sjrmmetrical  monopetalous  Orders,  no  other  group  approaches  this  struc- 
ture but  Verbenaceae,  which  are  distinguished  by  the  greater  degree  of  co- 
herence of  the  carpels  and  the  terminal  style,  as  the  Ehretiacefe  are  from 
Boraginacesd ;  but  the  separation  of  these  Orders  is  sometimes  dif&cult. 
Disregarding  the  ovary,  the  character  of  the  corolla  and  stamens  connects 
Labiatffi  with  Scrophulariaceae  and  its  allies,  especially  when  they  have 
opposite  leaves  and  square  stems.  The  morphology  of  the  corolla  and 
stamens  is  very  interesting  in  this  Order,  as  it  is  in  the  Scrophulariaceae ; 
the  didynamous  structure  arises  from  the  want  of  the  posterior  stamen, 
and  in  the  diandrous  genera  it  is  the  anterior  pair  that  remains.  Payer 
says  there  are  originally  five  stamens  in  Labiates,  two  anterior  first  deve- 
loped, then  two  lateral,  while  the  fifth  or  posterior  is  the  last  to  appear, 
and  indeed  is  often  suppressed  or  present  in  the  shape  of  a  gland.  The 
anterior  first-bom  stamens  are  the  longest  and  their  anthers  open  first. 
The  foliage  of  the  majority  of  plants  in  this  Order  is  studded  with  micro- 
scopic glandular  hairs,  containm^  the  essential  oils  to  which  they  owe 
their  remarkable  fragrance.  Various  species  of  Salvia  have  hairs  upon 
the  testa  of  the  seed,  containing  a  spiral  fibre,  somewhat  as  in  Polemo- 
niacesB. 

Difltrnmtion. — A  very  large  Order,  the  species  of  which  are  principal]  v 
natives  of  temperate  climates ;  but  the  more  fragrant  kinds  occur  most 
abundantly  in  the  wann  temperate  and  drier  regions. 

QoaUtles  and  Ums. — The  most  striking  qualities  of  this  Order  depend 
upon  the  presence  of  aromatic  or  fragrant  essential  oils,  which  render  some 
of  them  valuable  stimulants  and  antispasmodics,  others  favourite  flavour- 
ing herbs  for  culinary  pnrposcs,  others  important  ingredients  in  perfumes, 
&c.  Some  are  also  regarded  as  tonics.  The  fleshy  sTibteTraneous  rhizomes 
of  Stocky s  palustris  are  sometimes  cultivated  as  a  table  vegetable ;  and 
the  tubers  of  an  Octmum  are  said  to  be  eaten  in  Madagascar.  Of  the  car- 
minative aromatics,  the  Mints,  Spearmint  (Mentha  vindis)f  Peppermint 
(M,  Piperita),  Penny-royal  (M.  PuUgium)  are  among  the  best  Jmown. 
Other  species  of  Mentha  have  similar  properties ;  Hedeoma  pulegioides^ 
the  Penny-royal  of  the  United  States ;  Lavender,  Lavandula  vera ;  to- 

g ether  with  the  inferior  French  Lavender,  Z.  S^'ca,  the  oil  of  which, 
owever,  is  chiefly  used  in  the  arts  (oil  of  Spike),  and  others :  many  allied 
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«^m«  ii«  ii9ed  in  difierent  countries  in  the  same  way.  The  essential  oils 
ui  &ime  kinds  commonly  used  as  flavouring  herbs  are  also  used  in  yete- 
rinftfT  medicine.  Among  the  best-known  of  these,  besides  Mint,  are 
Tnvme  (TAymtw  Serpyllum  and  other  species),  Marjoram  (Ortganum,  vari- 
Oil  species),  Basil  COctmifmsp.)*  Savory  {Satureia  sp.),  Sage  {Salvia 
nfitmaUs  and  ffrandiflora\  &c.  As  perfumes,  Lavender,  Patchouli  {PogoB- 
f^atm  PatchoHU)^  Mentha  citratay  Rosemary  (^Rosmarinus  officinalis)^  and 
rthera  are  laig«ly  nsed.  Horehound  (Marrubium  vtdgare)  is  an  old- 
fi^liioned  remedy  for  coughs;  Ground-ivy  {Nepeta  Gleckoma),  Balm 
f  Melissa  officituUui),  and  others  are  used  by  the  countrv-people  for  the 
Mme  compliuntA.  Monarda  fistidosa  (a  North- Amerfcan  snrub)  and 
Or^^Miaim  iHetanmus  (or  Dittany  of  Crete)  are  reputed  febrifuges.  Stachys 
BH*mica  has  been  regarded  as  a  sternutatory,  but  perhaps  acts  mechani- 
cUIt  :  its  root  ia  said  to  be  purgative  and  emetic ;  but  this  seems  unlikely 
tobetnie. 

Many  plants  of  this  Order  decorate  out  gardens,  and  many  species  are 
vild  in  Britain. 

VERBEXACE-iE  (the  Vervain  Order)  consists  of  herbs,  shrubs,  or 
t^fs,  with  opposite  or  alternate  leaves ;  flowers  with  an  hypogynous  more 
ur  less  2-lipped  or  irregular  corolla  and  didynamous  stamens ;  style  ter- 
nin&l ;  the  2— 4-celled  nruit  dry  or  drupaceous,  usually  splitting  when  ripe 
into  as  many  l-seeded,  indehiscent  nucules ;  seeds  erect  or  pendulous,  with 
little  or  no  perisperm. — Illustrative  Genera :  Verbejuif  L. ;  Tectona,  L. ; 
Oirr^if nJrotu  L. ;  ViteXf  L. ;  I^ryma^  L. ;  StUbej  Berg. ;  Mgoporum,  Bks. 
^  SoL ;  AvicenmOf  L. ;  ^giphila,  Jacq. 

HiHitHn,  aob — ^Principally  distinguished  from  Labiates  by  the  terminal 
Ftyle  aad  more  coherent  carpels.  The  MtfoporeeSy  kept  separate  by  Ben- 
thamsod  Hooker,  can  hardlv  be  separated  from  the  Verbenees  except  by  the 
pt^^nce  of  two  seeds  in  each  cell  of  the  ovary,  and  by  the  superior  radicle; 
and  perhaps  Selaginaceie  should  be  appended  as  an  aberrant  form.  The 
rtnicture  of  the  frait  separates  this  Order  from  Scrophulariacece  and  its 

Ustmrntion. — A  large  Order,  chiefl  v  tropical ;  the  Verhenees  common 
in  temperate  South  America,  and  a  iew  scattered  in  all  regions.  The 
Avicenma  grow,  like  Mangroves;  in  tropical  salt  marshes. 

QuUtlM  and  Ums. — Those  of  the  Verbenea  are  much  the  same  as  in 
^abiatae :  Ahysia  eitriodora,  the  ctdtivated  "  Lemon-plant,''  or  "  Ver- 
^os,**  is  an  instance  of  fragrant  properties ;  many  species  of  Lantana  are 
fnfmit  or  foetid ;  some  are  used  as  substitutes  for  Tea.  Vitex  Agnus- 
^>^,  V,  Ntgwndoy  and  others  have  acrid  fruits.  Tedona  grandis  is  the 
£ut-lndian  Teak-tree,  celebrated  for  its  hard  heavy  wood  ( Afiican  Teak 
a  from  a  Euphorbiaceous  tree).  The  bark  of  Avicenma  tomentosay  the 
^te  Mangrove  of  Brazil,  is  used  for  tanning.  Olerodendrons  are  haud- 
*)ine  Btove-shruba.  The  Drilliant  Verbenas  of  our  gardens  are  mostly 
nineties  of  Verbena  chamadrifoiia  and  allied  species. 

^^AlQimacrje  form  a  small  group  differing  from  Verbenacead  principally 
lA  hating  1-celled  anthers ;  in  Glooularia  the  carpels  are  reduced  to  one. 

Y 
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Hence  there  appears  a  eonnexion  between  them  and  SalTadorace»,  which 
approach  Verbenace»  and  ^hretie€Bwanoiig  the  Boraginacese  in  other  points. 
Some  of  the  phmts  are  European ;  most  of  them  belong  to  the  Cape. 
GkhularitB  have  purgative  and  emetic  properties. — Genera :  Selagoj  1^  ; 
GlobtUarioyli, 

ACANTHACE^. 
Coh.  iPersonaleSy  Benth,  et  Hook. 

Herbs  or  shrubs  with  opposite  or  whorled  simple  exstipulate  leaves  ; 
flowers  irregular,  bracteated,  with  an  imbricated  hypogynous  more  or  less 
2-lipped  corolla,  didyuamous  or  diandrous  stamens  attached  to  the  tube  of 
the  corolla ;  fruit  a  5J-celled,  4-12-8eeded  capsule  ;  seeds  anat^o]^uf^  aperi- 
spermic,  usually  flat,  supported  by  hooked  or  cup-shaped  proiectioiis  of 
tne  placentas;  radicle  mferior. — Illustrative  Genera:  Thunherffuiy  L*. j 
Rudliaj  L.  j  Barleria,  L. ;  Acanthus,  L. ;  AdhatocUif  Nees ;  Justiciar  L. 

AAnitles,  fte. — This  Order  is  closely  related  to  Scrophulariacese  and  Big- 
noniaceae,  differing  from  the  former  in  the  aperispermic  seeds,  from  the 
latter  chiefly,  so  far  as  written  characters  can  be  given,  in  the  structure 
of  the  plac»?nta  and  in  the  seeds  not  being  winged.  Generally  speaking, 
the  large  bracts  of  the  inflorescence,  and  the  imbricated  calyx  of  uneoual 
sepals,  give  a  peculiar  and  characteristic  appearance  to  these  plants.  The 
seeds  of  Acanthodtumy  ItueUia,  and  other  species  have  a  testa  clothed  with 
curious  compound  hairs  containing  spiral  flores.  By  Bentham  and  Hooker, 
following  Anderson,  the  Order  is  divided  into  five  tribes,  viz.  Thunbergi^a^ 
JSeUoniece,  Bttelliea.  Acantheie,  and  Juaticiea,  The  distinctions  are  founded 
upon  the  nature  of  the  cal}^,  the  aestivation  of  the  corolla,  the  characters 
afforded  by  the  seeds^  &c. 

DUtrlbutlon. — A  large  Order,  chiefly  tropical. 

Qualities  and  Uses. — Mostly  without  active  properties.  The  most  strik- 
ing peculiarity  lies  in  the  beauty  of  the  flowers  of  many  kinds,  which 
renders  them  great  favourites  in  our  stoves.  Acanthus  mollis  is  interest- 
ing from  its  leaves  having,  it  is  said,  furnished  the  model  of  the  Corinthian 
capital.  Andrographis  pamculata  is  used  as  a  bitter  tonic. 

BIGNONIACE^  Tthe  Trumpkt-flowkb  Order)  consists  of  wood v, 
or  rarely  herbaceous  plants,  often  twining  or  climbing,  with  exstipulate 
leaves,  hypog}'nous  sympetalous  corollas,  didynamous  or  diandrous  sta- 
mens ;  the  ovary  commonly  2-celled,  by  the  meeting  of  the  2  placentas  or 
of  projections  from  them,  surrounded  at  the  base  by  a  disk ;  many-seeded ; 
the  seeds  lai^e,  winged,  with  a  flat  embryo,  and  no  perisperm. — Illustrative 
Genera :  Biffnonia,  L. ;  Tecoma,  Jusa. ;  Catalpa,  Scop. ;  JEccremocarpus^ 
R.  &  P. 

By  Bentham  and  Hooker  the  order  is  divided  into  four  tribes^  JBigno- 
ttie<Sy  Tecitmeoiy  Jacarandeoiy  and  Crescentiea ;  the  latter  often  treated  as 
a  separate  Order.  The  points  of  distinction  are  the  number  of  cavities  in 
the  ovary;  tlie  nature  ot  the  fruity  the  erect  or  climbing  habit^  &c. 
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b — ^The  aperispermic  character  of  the  seeds  separates  this 
OMer  from  Scrophulariacete.  From  Acauthaeeffi  there  is  less  marked  dis-* 
tisction ;  but  the  winged  and  sessile  seeds,  together  with  the  general 
habit  of  the  inflorescence,  mark  the  difference.  JEccremocarpus  approaches 
doselj  to  Gesneraceas ;  and  these,  with  Pedaliaceae  and  Crescentiaceae, 
SR  cnieflj  separated  by  the  want  of  coherence  of  the  placentas  in  the 
&xis  (the  exceptional  case  here  in  Eccremocarpus)  and  the  absence  of  a 
win?  to  the  seeds.  Many  Bismoniaceae  are  remarkable  for  the  structure 
jf  ilieir  woodj  stems,  which  have  the  wood  divided  into  segments  by 
bT'jad  wedged-shaped  processes  of  the  bark ;  the  segments  are  4  in  young 
-Um^,  forming  a  cross  in  the  transverse  section  ;  8,  and  even  16  lol>es  ap- 
{«ar  in  the  woody  layers  of  subsequent  years.  The  broad  paper-like  wing 
fi  the  seeds  of  BignoniiB  has  a  very  elegant  microscopic  structure. 


considerable  family  of  mostly  tropical  plants;  the 
Trumpet-flowered  climbers  form  striking  features  of  American  forests. 

QoautlM  and  UaeB. — Many  of  the  plants  of  this  Order  are  used  in 
Bnzil  for  various  purposes,  such  as  dyes,  medicines  of  varied  action, 
timber,  &c. ;  but  none  are  of  very  great  importance.  Their  beautiful 
^jwers,  often  large  and  brightly  coloured,  render  them  very  attractive. 
Tftoma  radieanSf  £ccremocarptts  scaber^  &c.  are  common  garden  climbers ; 
(jata/pa  syrmgafolia  is  a  handsome  tree  with  showy  blossoms,  hardy  in 
riusooimtrj. 

I'SDALiACTEJB  aie  chicfly  distinguished  from  Bignoniaceeo  by  their 
freaerally  wingless  seeds,  and  by  their  different  habit.  Sesamum  may  be  re- 
^uded  as  intermediate  between  the  Orders  just  named,  while  Martynia 
establishes  a  transition  to  GesneniceaB,  of  which  Order  Pedaliaceae,  or,  as 
they  are  sometimes  called,  Sesameee,  are  considered  by  some  to  form  a 
trilie. — ^They  are  chiefly  tropical ;  the  most  important  member  of  the  group 
i^  Snamum  orientale,  whicn  is  an  object  of  cultivation  in  the  East  for  its 
seeds,  from  which  oil  resembling  Olive-oil  is  obtained.  Some  of  the 
species  are  in  cultivation,  among  them  one  or  two  species  of  Martynia 
remarkable  for  the  two  long  horns  to  the  fruit 

Crkscentiacks  are  also  very  near  to  the  Gesneraceas,  and  chiefly  dis- 
tingui^ed  by  the  arborescent  habit  and  large  amygdaloid  seeds;  the  calyx 
ilso  is  free,  and  its  limb  splits  irregularly.  From  Pedaliaceae  the  fruits  and 
the  amygdaloid  seeds  divide  them.  Ihe  indehiscent  fruit  and  wingless 
Kedft  separate  them  from  BignoniacesB  and  Ac^nthacesB,  and  this,  together 
with  the  want  of  perisperm,  from  Scrophulariaceae,  Solanaceae,  and  Lenti- 
InkriaceflB. — This  Order  is  tropical,  most  developed  in  the  Mauritius  and 
Madagascar. —  Crescentia  Oujete,  the  Calabash-tree,  has  a  fruit  like  a  gourd, 
^thahard  shell  applicable  to  many  useful  purposes,  holding  liquids, 
(irmiog  floats  for  ratts,  &c.  The  subacid  pulp  is  eaten.  Parmentiera 
f^frra  fPaDBms,)  has  a  lon^  slender  fruit,  and  is  called,  from  the  shape 
of  tfai^  the  CaDdle-tree;  it  is  a  favourite  food  of  cattle. 

t2 
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GESNERACKE. 

Coh.  Personales,  Benth.  et  Hook, 

Diagnosis. — Soft  woody  shrubs  or  herbs,  somewhat  succulent,  with 
opposite  or  whorled  wrinkled  leaves,  without  stipules ;  flowers  irrefnilw : 
corolla  perigynous  or  hypogynous,  sympetalous ;  stamens  diandrous  or 
didynamous  with  a  rudimentaiy  6th  ;*  ovar^'  half-superior,  with  a  rinfr  of 
glands  or  a  disk,  1-oelled,  with  two  ^-lobed  parietal  i>lacentas;  fruit 
capsular  or  succulent ;  seeds  numerous,  with  or  without  perisperm ;  cotyle- 
dons much  shorter  than  the  radicle. 

Illustrative  Genera. 


Suborder  1.  GRSNEREiE.  See<is 
with  a  little  jyerisperm  ;  calyx  partly 
^^  adherent  *  to  the  capsular  fruit, 

(iesnera,  Mart. 

Achimenes,  P.  Br, 

Gloxinia,  Hhit, 


Suborder  2.  Cyrtandre-k.  Seeds 
without  perisperm ;  frtUt  free,  capsu- 
lary  twistedj  or  baccate, 

yEschynanthus,  Jack, 

Streptocarpufi,  LindL 

Cyrtandra,  Forst. 


ft 


AftnltlM,  fte. — The  Gesneraceae  have  much  the  aspect  of  Scrophu- 
lariacese  ;  and  the  flowers  very  much  resemble  those  of  Bignoniacea?,  but 
their  placentas  are  decidedly  parietal ;  and  although  Eccremoc€trpus  con- 
nects them  with  Bignoniaceae,  its  winged  seeds  and  lar&:e  cotyledons  still 
mark  the  difference  from  Gesneraceae.  The  parietal  placentas  resemble 
those  of  Orobanchaceae,  which  connect  the  Order  furtner  with  Scrophu- 
lariacesB ;  but  in  the  Gesnerece,  where  the  seeds  are  perispermic,  the  calvx 
is  more  or  less  adherent  to  the  ovary.  In  Streptocatpus  it  sometimes  hap- 
pens that  one  of  the  two  cotyledons  becomes  persistent  and  enlarged, 
forming  the  only  leaf  formed  ty  the  plant. — They  ore  tropical  plants,  the 
Oesnerea  American ;  the  Cyriandrexe  more  diffused,  but  chiefly  Eastern. 
They  are  of  no  great  importance  as  regards  their  properties;  some  Gesnerea 
have  edible  fruits :  the  most  interesting  point  aoout  them  is  the  beauty  of 
the  flowers.  Most  of  the  genera  above  cited  are  found  in  collections  of 
stove-plantB ;  in  their  native  habitations  they  are  often  epiphytic 

COLUMELLIACE-^  consist  of  a  few  species  of  Mexican  or  Peruvian 
plants,  which  have  been  supposed  to  approach  Jasminaceas,  or  still  more 
closely  to  GesneracesB  and  Rubiacefe ;  but  their  structure  is  not  well  made 
out.  In  many  respects  they  are  nearly  allied  to  JEscallomea  in  Saiifra- 
gaceas.  They  have  an  adherent  calyx,  epigynous  corolla,  two  stamens 
with  sinuous  anthers,  and  an  inferior  2-celled  ovaiy  with  numerooa  ovules. 
Seeds  perispermic ;  embryo  minute. 

OROBANCHAOEiE  (Broom-Rapes)  are  fleshy  herbs  destitute  of 
green  foliage  (root-parasites) ;  corolla  sympetalous ;  stamens  irregular, 
hypogynous,  didynamous ;  the  ovary  l-celled,  with  2-4  parietal  placentas : 
capsule  with  very  numerous  seeds,  which  are  minute,  perispermic,  with  a 
very  small  rudimentary  embryo. — Illustrative  Genera :  Orohandie,  L. ; 
Laihrea,  L. 
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, — ^This  Order  is  especially  remarkable  for  the  patasitic  habit, 
*ii«  iieaby  texture,  scale-like  leaves,  and  the  absence  of  chlorophyl,  in 
vhicfa  particulars  the  plants  resemble  Monotropacece ;  but  these  are  not 
.hincteis  of  ordinal  value,  and  we  see  them  running  into  the  nearest 
ilbe«  of  this  group,  as  Buchnera  and  Striga  in  8crophulariaceae,  not  to 
mention  the  partially  pamsitic  condition  of  Melamp^ea,  The  Order  is 
chietiv  separated  from  Scrophulariaceee  by  its  parietal  placentas.    From 

GoidsiiaceiB  it  difiers  in  the  carpels  being  placed  back  and  front,  +  ,  as  in 

O 
Scropholariaceffi  and  the  allied  Orders,  while  in  Gentianacete  they  are 

right  and  left  of  the  axis,  o+O*    From  Gesneraceae  there  is  little  except 

the  habit  to  separate  them. — These  plants  are  parasitic  on  the  roots  of 
uny  herbs  and  shrubs  of  very  various  orders ;  they  attach  themnelves 
immediately  after  germination,  and  become  organically  grafted ;  some  in- 
cretae  by  tuberous  buds  from  the  base  of  the  annual  stems.  The  Oro- 
lanchacead  are  bitter  and  astringent,  and  are  said  to  be  escharotic ;  these 
jollities  probably  depend  on  a  resinous  lluid  secreted  in  the  abundant 
tpidermal  hairs.  They  are  comparatively  numerous  in  Europe,  North 
America,  North  Asia,  and  the  Cape;  some  in  India. 

SCEOPHULAEIACE^. 

Coh»  Personales,  Benth,  et  Hook, 

Diagnons. — Chiefly  herbs ;  flowers  with  hypogynous,  sympeta- 
lOQs,  irregular  corollas,  the  lobes  of  which  are  imbricate  in  aestiva- 
tioD ;  didynamous,  diandrous  (or  very  rarely  5  perfect)  stamens 
springing  from  the  tube  of  the  corolla  ;  ovary  2-ceJled,  cells  antero- 
posterior; fruit  a  2-celled,  mostly  many-seeded  capsule  with 
aiile  placentas ;  seeds  auatropous ;  embryo  small,  in  copious 
]fcrisperm. 

CJiaracter, 

Thalamus  flat,  oblique,  or  provided  with  annular  disk  or  gland. 
Califx  persistent,  more  or  less  deeply  3-5-toothed,  more  or  less 
irr^ular.  Corolla  sympetalous,  irregular;  the  tube  long  or 
short ;  the  limb  more  or  less  deeply  Mobed,  or  4-lobed  by  the 
coherence  of  the  2  posterior  petals,  personate  (fig.  422),  bilabiate, 
rotate  (fig.  421),  sometimes  spurred.  Stamens  2,  4,  and  didyna- 
motts  (fig.  425),  or  with  the  6th  (posterior)  perfect,  sterile,  or 
represented  by  a  petaloid  tooth  (fig.  423),  attached  to  the  corolla ; 
anthers  2-celled,  or  1-eeUed  by  confluence  or  by  suppression. 
Ovary  2-celled,  with  axile  placentas  bearing  usually  numerous 
oval^;  gti^le  and  stigma  simple,  or  bifid  at  the  apex.  Fruii 
capsular,  rarely  baccate,  2-celled^  dehiscing  by  2  or  4  valves, 
or  by  pores,  or  indehiscent ;  seeds  mostly  numerous,  peri- 
spermic. 
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Rg.  421. 


Fig.  423. 


Fig.  425. 


Fig.  422. 


Fi?.  424. 


Fig.  421.  Corolla  uid  itamenB  of  Vtronieti. 

Fig.  422.  C^lyx  and  corolla  of  Aniirrkinum, 

Fig.  428.  Corolla,  laid  open,  with  didynamoiu  stamenB  tnd  ■taminodet  of  Scropkitiarit, 

Fig.  424.  Diagram  of  flower  of  Serophularia. 

Fig.  425.  Didjnamous  stamens  of  DigitaUt, 


Illustrative  Geneba. 

This  large  Order  exhibits  considerable  variety  of  conditions,  whence  its 
affinities  become  somewhat  complex.  It  is  by  Bentham  and  Hooker 
divided  into  three  Suborders  or  Series,  thus : — 

1.  PsEUDOSOLANEiE.     Leares  alternate :  inflorescence  eentripetalj  two  pos- 

terior lobes  of  corolla  outside,     Verbascum,  L, 

2.  Antirbhine-S.     Leaves  sometimes  opposite;  inflorescence  centripetul. 

Corolla  bilabiate,  imbricate  in  astivation,  the  p*isterior  lobe  outside  the 
anterior  one.  Calceolaria,  Feuill. ;  Linaria,  Z. ;  Antirrhinum,  L. : 
Serophularia,  L. ;  Gratiola,  L, 

3.  Rhinanthe^.     ^Estivation  imbricate,  the  two  lateral  lobes  or  one  of 

them  placed  outside.    Digitalis,  L, ;  Euphrasia,  L, 

AflinitiiHi,  Ae, — ^The  near  connexion  with  Solanacese,  shown  in  the  cK>se 
relationship  between  Salpigloms  and  Petunia,  is  mentioned  also  under 
that  Order,  where  a  reference  is  made  to  the  proposed  transfer  of  the 
Salpiglossidte  to  the  Order  AtropacesB  of  Miers.  Mr.  Bentham  defines 
the  present  Order  by  referring  to  Solanace®  the  genera  which  have  at 
once  5  stamens  and  a  corolla  plaited  in  aestivation ;  Petunia  has  a  plaited 
corolla  and  5  stamens,  which,  however,  are  unequal  and  declinate,  and 
thus  approach  to  Salpiglossis,  where  the  corolla  is  very  similar,  but  the 
stamens  truly  didynamous.  Verbascfim,  having  6  stamena,  is  sometiines 
referred  to  Solanacese ;  but  one  nt  least  of  the  stamens  is  commonly  sterile, 
and  its  corolla  is  imbricated.  In  another  direction,  Scrophulariacew 
approach  some  of  the  forms  of  the  very  heterogeneous  Loganiacese ;  and 
Bentham  regards  it  as  advisable  to  refer  Buddleia  and  its  allies,  generallj 
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oonted  among  Scrophulariaceflfr,  to  that  Orderi  as  the  only  means  of 
netting'  a  definite  boundary  between  the  Orders,  these  genera  having  a 
tmureise  rid^e  connecting  their  opposite  leaves — an  indication  of  the 
diancteristic  mterpetiolar  stipules  ofLoganiace®.  With  Orobanchaceee, 
sgsin,  the  connexion  is  dose,  especially  through  the  root-parasitism  of 
many  genera,  all  of  which  approach  closely  in  the  general  structure  of  the 
fiower  to  Orobanche ;  for  the  carpels  are  really  anterior  and  posterior  in 
that  Order  as  they  are  here,  and  the  main  distmction  is,  that  the  margins 
are  not  folded-in  to  form  a  dissepiment,  so  that  Orobanchacee  have  pa- 
rietal instead  of  axile  placentation,  to  which  is  added  their  minute  rudi- 
mentary embryo.  A  general  resemblance  exists  between  the  present 
Order  and  the  other  didynamous  gamopetalous  Orders ;  but  Gesnerace®, 
Pedaliacee,  and  Crescentiacese  have  parietal  placentas;  Bignoniaceae  and 
Acanthadbse  have  aperispermic  seeds,  and  Lentibulacese  a  free  central 
placenta. 

The  morphology  of  the  corolla  in  this  Order  is  well  deserving  of  atten- 
tion :  carioua  monstrosities  not  unfreouently  occur  in  cultivation,  in  which 
the  normal  irregularity  is  obliterated  bj  a  repetition  of  the  pouches,  spurs, 
or  similar  developments  in  each  constituent  petal,  as  in  Ltnaria,  where  a 
5-spaned  corolla  occurs  with  a  symmetrical  limb  (Pelorian  variety) — in 
this  instance  the  regularity  is  due  to  the  increased  number  of  the  usually 
iiregular  parts ;  in  other  cases  the  flower  becomes  perfectly  regular  by  the 
complete  absence  of  pouches  and  spurs.  Calceouxrin  sometimes  occurs 
vith  a  somewhat  campanulate,  regmar  coroUai  &c.  Many  of  the  Scro- 
^Kolaiiaceae  are  parasitic  upon  the  roots  of  other  plants,  as,  for  example, 
Mdamfyrum^  lannanthuBy  and  their  allies,  whicn,  however,  appear  to 
be  only  partly  nourished  in  this  way,  having  distinct  roots ;  they  are 
maarliaUe  for  turning  black  when  dried ;  Striga^  an  exotic  genus,  is 
still  more  distinctly  parasitical ;  and  Buchnera  hydrahadenais  has  scale- 
like  leaves  similar  to  those  of  Orobanche,  In  some  of  the  genera  (Mimtdus 
&c.),  where  the  style  is  divided  at  the  apex,  it  is  developed  into  two  flat 
lunuue,  which  exhibit  irritability.  Chatin  says  that  the  stamens  appear 
simaltaiieoualyi  and  that  it  is  only  after  birth  that  the  irre^arity  in 
number  and  form  becomes  manifest ;  but  that  does  not  accora  with  our 
olHervations.  The  probability  is  that  the  development  varies  in  diflerent 
genera.    Pentstetnon  heterandrum  has  the  fifth  stamen  antheriferous. 

IHitrilHitloii. — ^A  very  large  group,  the  species  of  which  are  universally 
diffused  and  very  abundant 

<}aaiitlM and XTms. — More  or  less  acrid,  or  bitter;  mostly  unwhole- 
some; sometimes  deadly  poisons.  Digitalis  purpurea^  our  native  Fox- 
^ve,  the  officinal  plant,  is  an  extremely  powerful  sedative  poison,  both 
in  the  foliage  and  the  seeds ;  the  allied  species  D,  liUea,  ochroleuca^ 
itnigata,  &c.  are  equally  active.  The  species  of  Verhascum  have  a  share 
oCthis  property,  especially  in  the  seeds.  The  ScrophularitB,  LinaruB,  and 
ysrcmcte  are  all  more  or  less  bitter  and  acrid,  and  suspicious ;  OnUiola  is 
Tiolentlv  purgative  and  emetic. 

This  Drder  is  remarkable  for  the  number  of  beautiful  flowering  herbs  it 
contains.  The  Snap-dragon,  or  DraffonVmouth  (Antirrhinum  mqfuH)^ 
thespedeaof  Veromcoy  Mimulua  Tof  wnichthe  Musk-plant,  M,  mofchattis, 
ii  remarkable,  among  plants  of  this  order,  for  its  fragrance),  Lvnarioy  Pent- 
tUmonf  Calceohnoy  Maurandyaf  &c.  are  in  every  garden ;  and  of  their 
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numerous  exotic  allies  a  long  list  will  be  found  in  all  hordcaltnral  col- 
lections. A  large  number  of  showy-flowered  native  weeds  belong  to  this 
Order,  such  as  uie  Toad-flax  {Linaria  vulfforii)  and  several  other  species 
of  lAnariOf  the  Speedwells  (  Verwttca)^  the  Red  Rattle  (^Pedietdttris)  and 
the  Yellow  Rattle  (Bhinoit^m)  (so  called  from  the  ripe  seeds  rattling  in 
the  dried  inflated  membranous  capsules),  the  Foxglove,  Mulleins  (  P'er- 
bascum),  &c. 

LENTIBULARIACBLE  (Butter-worts)  are  small  herbs  growing 
in  water  or  wet  places ;  flowers  with  a  2-lipped  calyx  and  a  2-lippM 
personate  spurrea  corolla ;  stamens  2,  with  (confluent)  1-celled  anthers ; 
ovary  1-celled,  with  a  free  central  placenta  bearing  several  anatropous 
seeds,  with  a  thick  straight  embryo  and  no  perisperm ;  stigma  bilabiate. — 
Illustrative  Genera :  UtrictUaria,  L. ;  Ptnguicula,  Toumefl 

Aftnltles,  fta — This  Order  is  interesting  both  from  the  habit  and  appear- 
ance of  the  plants  and  from  its  affinities : — on  the  one  hand  with  the  irre- 
Silar,    didynamous    gamopetalous 
rders,  through  Scrophulariaceffi,        Fig.  426.  Fig.  427. 

with  which  it  agrees  in  the  calvx, 
corolla,  and  stamens,  and  on  the  other 
hand  with  the  regular  Svmpetalad, 
through  Primulaceae,  witn  which  it 
is  connected  by  the  free  central  pla- 
centa. Dickson  says  the  thalamus 
in  development  begins  to  show  irre- 
gular growth  before  there  is  any  vig,  4M.  VUmw  ot  UMtmiaHa, 
appearance  of  the  parts  of  the  flower,  Kg.  427.  ait-mo  of  the  leaf  of  UMaaaria, 
and  that  the  pistil  is  5-carpoiis ;  the 

embryo  is  sometimes  mono-  in  other  species  dicotyledonous.  The 
structure  of  the  leaves  of  the  UtricularuBj  especially  that  of  their  pouches 
or  air-floats  (tipp.  427),  is  very  curious.  Pringsheim  considers  these 
pouches  to  be  dilatations  of  a  branch. — The  plants  are  found  in  all  parts 
of  the  globe ;  the  Utrictdarice  are  aquatic,  one  curious  Brazilian  species 
(  U,  ndunibifoUa)  growing  in  the  water  retained  in  the  axils  of  the  sheath- 
ing leaves  of  a  TiUandn'a,  In  Utricufaria  the  radicle  aborts  and  the  adult 
plant  is  rootless ;  the  submerged  capillary  branches  have  often  been  mis- 
taken for  leaves  or  roots.  The  pitchers  of  Utricularia  and  the  leaves  of 
JPinguicula  have  alike  the  property  of  dissolving  and  absorbing  animal 
matter,  such  as  insects,  &c.  PhigmcttkB  are  bog-plants ;  and  P.  vulgaris 
is  said  to  have  the  property  of  coagulating  milk. 


Division  m.  Apetal»  or  IncompletSB. 

Dicotyledonous  plants  with  a  green  or  coloured  calyx  and  no 
petals,  or  with  a  calyx-like  perianth  of  more  than  one  whorl,  or 
with  the  floral  envelopes  reduced  to  one  or  more  bract-like  pieces, 
or  altogether  absent.     Flowers  often  unisexual. 

Exceptions,  Ac. — The  above  characters  are  more  or  less  artificial,  and 
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fabd  together  a  rather  heterogeneous  eeriee  of  orders.  Many  of  them  are 
mefelrdegnided  forms  of  Thalamiiloral  or  Calycifloral  types.  The  group 
is  eoiuetiines  divided  into  two  subdivisions,  called  Monochlamydeae  and 
AehlamTdeie,  according  as  there  is  or  is  not  a  true  calyx  or  perianth  sur- 
roonding  the  stamens  and  pistil.  A  double  floral  envelope  occurs  in  some 
EnphoToiacese,  Loranthacese,  &c.  Many  of  the  plants  in  this  group  have 
iinLyTnal  flowers  grouped  in  cones  or  catkins. 

Series  1.  Supeejb. 
Ovary  superior ;  perianth  usually  distinct. 

POLYGONAGE^.    The  Sorbel  Ohdee. 

Coh.  Chenopodiales,  Benth,  et  Hook, 

Diagnosis. — Herbs  with  alternate  leaves,  mostly  furnished  with 
stipules  in  the  form  of  sheaths  (ocrecB)  above  the  swollen  joints  of 
the  stem ;  the  flowers  mostly  perfect,  with  a  more  or  less  persistent 
perianth ;  stamens  hypogynous,  or  rarely  perigynous ;  a  1-celled 
ovar?  bearing  2-3  styles  or  stigmas,  and  a  single  erect  orthotropous 
<mile ;  fruit  a  triangular  nut  enclosing  1  erect  seed,  usually  with 
farinaceous  perisperm  and  an  inverted  embryo. — Illustrative  Ghenera: 
Eeiagonum^ '  L.  C.  Rich ;  Rheumy  L. ;  Polygonwm^  L. ;  Coccoloha^ 
/acq. ;  RumeXy  L. 

AttnttlM,  Ac — The  commoner  plants  of  this  Order  may  be  distinguished 
by  the  peculiar  ocreaceous  stipules  (tig.  65),  which,  however,  are  wanting 
Vi  &ioffonum  and  some  other  genera;  the  most  distinctive  character- 
istic is  the  solitary  erect  seed  with  its  embryo  having  the  radicle  turned 
upward ;  this  separates  it  from  its  near  allies,  the  Chenopodiacese  and 
Amarantaceae,  from  which  also  the  perianth  and  the  ocress  remove  it ; 
^  from  the  Nyctaginacese,  to  which  the  involucrate  flowers  and  abortive 
rtipules  of  EriogonecB  approach.  There  is  a  further  relation  to  Caryo- 
P^vUaceas  through  the  Paronychiacese.  The  Order  is  divided  into  trices 
according  to  the  bi-  or  unisexual  flowers,  the  presence  or  absence  of  an 
iovolocre,  the  number  of  the  parts  of  the  flower,  the  presence  of  an 
ocre&j&c. 


• — A  large  Order,  the  members  of  which  are  universally 
diffbied ;  especially  abundant  in  temperate  climates. 

QuUties  and  Uses. — ^The  foliage  of  these  plants  is  frequently  charac- 
terixed  by  the  presence  of  an  acid  juice,  depending  on  the  presence  of 
oxalic  and  malic  acids,  or  by  an  acrid,  pungent  juice ;  some  are  strongly 
Mtringent,  while  the  roots  are  generally  more  or  less  powerfully  purgative ; 
the  starchy  perisnerm  of  the  ee^  is  sufficiently  abunaant  in  some  species  to 
^unuah  a  valuable  substitute  for  com.  Among  the  useful  acidulous  kinds 
are  the  garden  Rhubarb,  Rheum  xmdidatum,  R.  palmatum,  &c. ;  the  Sorrels 
( J^toRei*  tcutatvSy  R  AcetosOj  and  JR.  AcetaseUa )  are  familiar  plants.  Rheum 
Ma  is  used  for  flavouring  sherbet  in  the  East ;  and  some  other  exotic 
pltots  have  like  properties.    Polygonum  Hydropiper^  a  common  native 
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weed,  is  very  acrid,  even  vesicant  when  fresh.  P.  Bistoria  was  fonnerlr 
in  use  as  an  astring-ent ;  and  Coccoloba  umfera^  the  sea-side  Grape  of  the 
West  Indies,  furnishes  a  very  astringent  extract.  The  Rhubarb  of  medi- 
cine consists  of  the  roots  of  Bheum  qfficinalej  and  perhaps  also  of  palma- 
tutiif  undukUum,  rhapanticumy  Emodij  Webbianum,  and  other  species ;  the 
roots  of  Mumex  alpmun  were  formerly  used  as  a  purgative  under  the  name 
of  Menkes  Rhubarb.  Fagopyrum  eAculentumf  common  Buck-wheat,  F. 
tataricumj  and  other  species  are  largely  cultivated  for  food  in  the  northern 
parts  of  Ajua  and  of  Eastern  Europe.    The  common  Docks  are  species  of 

jRufMX, 

NYCTAQINACE^  (thb  Mabvel-op-Pebu  Obj>sb)  consists  of 
herbs,  shrubs,  or  trees,  mostly  vsith  opposite  and  entire  leaves ;  stems 
tumid  at  the  joints ;  flowers  surrounded  oy  an  involucre,  with  a  delicate, 
tubular  or  funnel-shaped  petaloid  perianth ;  upper  part  deciduous,  lower 
part  persistent,  constricted  above  ttie  1-celled,  1-seeded  ovaiy,  and  indu- 
rated to  form  the  pericarp  (didesium) ;  stamens  1  or  several,  slender, 
h^pogynous ;  the  embryo  coiled  round  the  outside  of  the  mealy  perisperm, 
with  broad  foliaceous  cotyledons  and  an  inferior  radicle. — ^IIlustratiTe 
Genera :  Boerhaavia,  L. ;  mirabilis,  L. ;  Piwnia,  Plum. 

AAnitlM,  fta — ^The  nearest  relatives  of  these  plants  are  probably  the 
PolyffonacesB,  especially  the  tribe  of  Eriogonem ;  out  the  interior  radicle 
and  tJie  peculiar  fruit  enclosed  in  the  indurated  base  of  the  perianth  are 
evident  distinctions.  The  stems  of  these  plants,  especially  of  the  Piwina, 
have  a  curious  arrangement  of  their  fibro- vascular  bundles.  The  nature 
of  the  involucre  serves  to  divide  the  Order  into  tribes. 

Dlstrllmtion. — Natives  of  warm  climates,  chiefly  in  the  S.  hemisphere. 

Qualities  and  Uses. — The  roots  of  the  Nyctaginace®  are  generally  pur- 
gative ;  and  MirahUis  Jalapa  was  formerly  supposed  to  be  the  source  of 
medicinal  Jalap.  Mirabilis  dichototruXf  the  Marvel  of  Peru  of  our  gardens, 
is  remarkable  for  opening  its  flowers  in  the  afternoon,  whence  it  is  termed 
the  Four-o'clock  Plant ;  both  this  and  M.  kngi/hraj  another  cultivated 
species,  are  violent  purgatives.  JBougainviliea  is  remarkable  for  its  brightly- 
coloured  bracts. 

AMARANTACE^  (Amaranths)  are  weedjr  herbs,  with  onposite  or 
alternate  exstipulate  leaves,  and  spiked  or  capitate,  bracteatea  inflores- 
cence ;  the  flowers  mostly  with  an  imbricated  perianth  of  dry  and  scarious 
persistent  bracts,  often  colouredf  3-^  in  number ;  occasionally  unisexual ; 
stamens  6-merous,  hypogynous;  anthers  sometimes  l-celleSl;  the  one- 
celled  ovary  usually  1-ovuled,  in  one  tribe  (Celosieie)  many-ovuled ;  style 
1  or  0 ;  stiffma  simple  or  compound ;  fruit  a  utricle,  a  caryopsia,  or  a 
berry ;  seed  pendulous,  with  the  embryo  curved  round  the  circumference 
of  farinaceous  perisperm ;  the  radicle  near  the  hilum. — ^Illustrative  Genera : 
CelosiOf  L. ;  Amarantua,  L. ;  AchyrantheSy  L. ;  Gomphrena,  L. 

Affinities,  fto. — ^No  absolute  character  can  be  given  to  separate  this  Order 
from  the  Chenopodiaceae ;  but  the  habit,  especially  the  crowded  bracteated 
inflorescence  and  the  membranous  perianth,  renders  them  very  different 
in  appearance.  Their  more  distant  relations  are  the  same  as  those  of  that 
Order.  The  division  into  tribes  depends  upon  the  1-  or  2-celled  anthers 
and  the  number  of  ovules  in  the  ovaiy. 
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-A  Iftrge  Order,  the  species  of  which  are  most  abundant 
within -the  tropics,  in  dry,  barren  situations. 

OudttiM  and  Ums. — Generally  with  somewhat  mucilaginous  juice, 
^Idom  with  actiye  properties,  'f  he  species  of  AmarantuSf  such  as  A,  caur- 
ietits,  LoTe-lies-bleeding,  and  A.  hypochondriacus,  Prince  VFeathers,  are 
well  known  in  gardens  for  their  bright-coloured  and  persistent  blossoms — 
as  are  also  the  more  tender  Globe  Amaranthus  {Uomphrena)  and  the 
Cof k'»-comb  (Celosia  cristata),  the  latter  remarkable  for  its  fasciated 
flowering-stem. 

CHENOPODIACE^.    The  Spinach  Oedeb. 

Coh,  Chenopodiales,  Benth.  et  Hook, 

DUupio9%9. — Chiefly  herbs,  of  weedy  aspect,  more  or  less  succu- 
lent ;  leaves  mostly  alternate ;  without  stipules  or  scarious  bracts ; 
flowers  perfect,  polygamous  or  diclinous,  minute,  greenish,  the 
free  perianth  imbricated  in  the  bud ;  stamens  as  many  as  the 
perianth-lobes,  or  rarely  fewer,  and  inserted  in  front  of  them  or  on 
their  bases  ;  ovary  1 -celled,  becoming  a  1-seeded  thin  utricle  or  an 
vhsnium ;  embryo  coiled  into  a  ring  (around  the  perisperm  when 
present)  or  spiral. — ^Illustratiye  Genera :  Salicomia,  Toumef . ; 
AtripUa:^  L. ;  Blitwm^  L. ;  Beta^  Toumef. ;  CJienopodiumj  L. ;  Sat- 
»fa,  L. 

AlllBlfclM,  Ac — Closely  related  to  Amarantace»,  but  differing  in  habit  and 
in  the  sum  of  the  characters.  From  the  Phytolaccacese  they  differ  in 
the  simple  oyary  and  the  stamens  equal  in  number  and  opposite  to  the 
seg:ment8  of  the  perianth ;  from  Scieranthete  they  are  separated  by  the 
simple  ovary,  the  usually  alternate  leaves,  and  the  distinctly  hypo^ynous 
condition  of  the  stamens ;  from  the  Paronychiece  particularly  by  the  ab- 
senee  of  stipules ;  through  the  Paronychiaceee  they  are  nearly  related  to 
Caryoph^Uacese.  The  order  is  divided  into  two  groups  according  as  the 
embryo  is  annular  or  spirally  coiled. 

Blstrllmtlon. — ^A  large  Order,  generally  diffused  in  waste  places  or  in 
salt  marshes ;  most  abundant  outside  the  tropics. 

Quallttaa  and  Uaea. — Generally  bland  and  innocuous,  the  foliage  often 
rendering  them  valuable  as  pot  herbs,  and  their  roots  furnishing  food  for 
cattle ;  sometimes  with  anthelmintic  and  antispasmodic  properties.  The 
maritime  kinds  were  formerly  of  great  yalue  m)m  the  quantity  of  soda 
obtained  from  their  ashes.  Spiuach  (Spinada  oleracea),  Orach  (Atriplex 
^ortenns),  and  English  Mercury  {Chenopodium Bonus  Henricus)  belong  to 
tiiis  Order ;  also  the  Beet  and  liangold  Wurtzel  (Beta  vulgaris  and  Cycla), 
From  the  Juice  of  the  Beet,  sugar  is  extracted  in  considerable  quantities. 
Ckenopodntm  anthelmintieum  yields  an  essential  oil,  used  as  an  anthelmintic 
under  the  name  of  Worm-seed  Oil ;  C  ambroshides  and  Botrys  also  have 
ao  aromatic,  antispasmodic  essential  oil ;  Chenopodium  Quinoa  forms  tubers 
like  potatoes,  which  are  eaten  in  Peru.  Sahota  Soda,  Salicomia  herbaceOf 
ind  other  species  (Glass-wort),  with  species  of  Atriplex,  Schoberia,  &c., 
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abound  in  salt  marshes,  and  were  formerly  much  used  in  the  piepaiation 
of  barilla.  Several  species  of  Chenopodium  and  Atripkx  abound  in  waste 
places,  forming,  with  various  kinds  of  Dock  (Rumex),  Pofy^onum,  and 
Urtica  (Nettle),  the  most  conspicuous  weeds  of  neglected  cultivated 
groimd. 

BASELLACEiB  are  a  small  Order  of  plants  closely  related  to  Chenopo- 
diaceae,  chietly  distinguished  by  the  presence  of  a  double,  coloured  perianth 
and  perigynous  stamens:  they  are  tropical  climbing  herbs  or  shrubs. 
Some  species  of  Basella  are  used  as  Spinach ;  Uilucus  tuberosus  has  a 
tuberous  root,  used  in  Peru  like  the  Potato. 

Phytolaccacejb  proper  are  nearly  connected  with  PolygonacesB  and 
Chenopodiacese,  ditfering  from  both  in  the  frequent  presence  of  petals  and 
of  a  number  of  carpels^  from  the  former  also  m  the  absence  of  stipules, 
from  the  latter  in  the  stamens  exceeding  the  lobes  of  the  perianth.  Fky- 
tolaccea  pass  into  PetivertetB  by  the  occiurence  of  5  separate  carpels  m 
Giesekioj  while  Riwnia  has  little  perisperm ;  the  Betiveriea  would  then 
connect  this  Order  with  the  Sapindaceas  and  their  allies,  while  the 
columella  of  the  OyrostemonetB  would  mark  a  distant  affinity  with  the 
Malvaceae. — A  small  Order,  scattered  in  all  pnrts  of  the  worldy  with 
properties  more  or  less  acrid,  purgative,  or  emetic. 

Paronychiacea,  sometimes  placed  in  this  group,  are  treated  of  pre- 
viously near  GarophyllacesD. 

Petivebte^,  separated  by  some  authors,  have  stimulate  leaves,  single 
ovary,  aperispermic  seeds,  and  a  straight  embryo  with  convolute  coty- 
ledons ;  and  GrYitosTEMONE^  have  exstipulate  leaves,  unisexual  flowers, 
the  carpels  arranged  round  a  columella,  twin  suspended  ovules,  peri- 
spermic  seeds,  with  a  hooked  embryo  having  linear  cotyledons,  and  an 
inferior  radicle.  The  last  two  orders  are  included  under  Phytolaccaces 
by  Le  Maout  and  Decaisne. 


ft 


LATJBACEiE.    The  Laueel  Ordeb. 

Coh,  Laurales,  Bmth.  et  Hook.  ^'  ^^^ 

Diagnosis, — Aromatic  trees  or  shrubs,  with 
alternate  simple  exstipulate  leaves,  sometimes 
marked  with  pellucid  dots,  and  flowers  with  a  con- 
cave thalamus,  regular  perianth  of  4-6  coloured 
sepals,  which  are  barely  united  at  the  base,  im- 
bricated in  2  circles  in  the  bud,  free  from  the 
1-celled  ovary  containing  1  or  2  pendulous  ovules, 
and  mostly  fewer  than  the  stamens  ;  anthers  open- 
ing by  2  or  4  lid-like  valves  (fig.  428)  ;  fruit  a 
berry  or  a  drupe  ;  seed  without  perisperm ;  radicle 
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Illustrativk  Grm£Ra:  Cumamomwrn,  Burm.;  Camphora,  Nees;  Nee- 
ttmdra,  RottL ;  SauafraSj  Nees ;  Tetranthera,  Jacq. ;  Launu,  Tournef. ; 


b& — ^The  peculiar  operculate  dehiscence  of  the  anthers  distin- 
srui<bed  this  Order  from  most  of  the  allied  Monochlamydeous  gi'oups:  from 
AtheroApermacese,  which  share  this  character,  Lauracese  are  distinguished 
br  their  solitary  carpel  and  pendulous  oTules.  The  Lauraceae  hare  also 
ftBoities  with  Myristicaceae  in  the  qualities  of  their  products ;  hut  the 
ftnicture  differs  widely.  Cassyfha  is  a  remarkable  form,  having  a  twining 
pirasitic  leafless  stem  like  Cftsatta,  bearing  true  Lauraceous  flowers. 
ike  inner  perianth  is  developed  after  the  manner  of  a  corolla  siniultane- 
oiuIt,  the  outer  successiynly  like  a  calyx  (Payer).  In  some  Laurels,  e.  g. 
Ortodaphne,  the  outer  anthers  are  introrse,  the  inner  ones  extrorse.  The 
Irait  of  some  genera  is  curious,  as  that  oiDehaasia,  which  is  borne  upon 
t  thickened  peduncle,  somewhat  like  that  of  Anacardnim,  The  pollen  is 
penerally  spherical,  without  pores  or  bands.  The  solitary  carpel  is  some- 
titnen  divided  into  several  compartments  by  false  partitions.  The  sub- 
dirigions  of  thf^  Order  depend  on  the  habit,  position  of  fruit,  number 
of  parts  to  the  flower,  unisexuality  or  polygamism,  &c. 

iXstrlbotfoii. — ^A  large  Order,  principally  found  in  cool  situations  in  the 
tr;^pies ;  one  (Laurtt*  nohilt$)  is  a  native  of  Europe,  and  a  few  of  North 
America.  Traces  of  them  in  a  fossil  condition  are  first  met  with  in 
Eocene  formations. 

QtialitlM  and  Uses. — ^The  most  marked  properties  of  these  plants  depend 
(m  the  presence  of  aromatic  oils  and  Camphor ;  but  the  bark  of  some  has 
TiOuable  tonic  and  febrifuge  qualities,  the  timber  of  many  kinds  is  valu- 
&1>^e,  and  the  Order  aflbrds  a  number  of  edible  fruits.  True  Cinnamon  is 
the  bark  of  Cinnamomum  zeylanicum ;  Cassia-bark  is  derived  from  C, 
Coma  and  other  species ;  many  other  trees  of  the  Order  are  noted  for  the 
possession  of  an  aromatic  bark  of  similar  character,  and  furnish  false  Cin 
oamons  in  South  America  and  other  countries.  Camphor  is  produced  in 
the  wood,  branches,  and  leaves  of  Camphora  officinarum,  and  is  obtained 
b?  dry  distillation ;  some  species  of  Cinnamomum  contain  a  considerable 
QQuitity  of  this  substance.  The  aromatic  fruits  of  some  of  the  Lauraceaa 
lurnish  false  Nutmegs,  the  Clove-nutmegs  of  Madagascar  being  the  seeds 
U  Agothcpkyllum  aromaticumy  ^e  Brazilian  Nutmegs  those  of  Crypto- 
tarya  mogehata,  &c.  The  bark  of  Nectandra  Hodueij  the  Bibiri  of  Guiana 
(from  which  Warburg's  Fever-drops  are  made),  is  said  to  be  a  valu- 
&Ue  febrifuge ;  the  bark  of  the  root  of  Sassafrw  officinale  is  highly 
e^eemed  in  North  America  for  its  diaphoretic  powers;  Benzoin  odo- 
rifemm  has  similar  properties,  and  the  oil  of  its  aromatic  berries  is 
stimulant.  The  fruit  of  Peraea  gratimma  is  the  hiprhly  praised  West- 
Indisn  Avocado  Pear;  it  contains  much  fixed  oil.  l?he  timber  of  AVo- 
tfmdra  Rodiai  is  the  Green-heart  wood  of  Guiana,  remarkable  for  its 
liardnesB  and  solidity  ;  Persea  indica  furnishes  a  kind  of  coarse  mahogany 
in  the  Canaries.  Camphor-wood  is  sometimes  used  by  cabinet-makers  on 
acooont  of  its  odour.  Laurus  nolriliBf  the  Bay-tree  or  classic  or  true  Laurel , 
is  a  native  of  the  South  of  Europe,  and  is  hardy  in  the  south  of  England ; 
its  Riomatic  leaves  are  used  for  flavouring  confectionary.  These  must 
Bot  be  confounded  with  those  of  the  Cherry-laurel;  a  iViimu,  and  not  a 
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true  laurel y  and  which  contain  much  hydrocyanic  acid.    Atsoncrete  gieen 
oil|  called  Oil  of  Bays,  is  obtained  from  the  true  Laurel  leaves. 

The  AxHEROSPEBMACEiB  are  trees  like  MonimiRceie,  but  with  the 
flowers  sometimes  perfect,  the  anthers  opening  by  lid-like  ralves,  and  the 
perispermic  seeds  erect ;  the  nuts  are  enclosed  in  the  tube  of  the  perianth, 
and  the  persistent  styles  grow  out  into  feathery  awns,  whence  the  plants 
are  called  Plume-nutmegs.  They  are  chiefly  distinguished  from  Moni- 
miacese  by  their  anthers,  which  resemble  those  of  Lauracese,  from  which 
they  are  oistinguished  by  the  apocarpous  ovaries,  the  diclinous  flowers, 
and  erect  perispermic  seeds,  and  are  allied  to  Myristicaceee  by  the  dicli- 
nous flowers  and  aromatic  perispermic  seeds.  The  valvate  anthers  here, 
as  observed  by  Dr.  Hooker,  indicate  aflinity  to  Berberaceie  rather  than  to 
Lauraceae. — ^Two  of  the  genera,  Laurelia  and  AtJherospermaj  are  natives 
of  Australia ;  Doryphora  is  Chilian ;  they  have  fragrant  properties,  and 
a  decoction  of  the  bark  of  A,  moschata  is  sometimes  used  as  a  substitute 
for  Tea. 

MoNiMiACiLS  are  sometimes  placed  in  this  ndghbourhood|  but  have 
been  treated  of  formerly  (see  p.  200). 

M YRISTIC ACE^  (the  Nutmeg  Order)  are  tronical  trees  with 
alternate,  entire,  leathery,  exstipulate  dotted  leaves ;  nowers  diclinous, 
apetalous,  clustered  or  racemose ;  perianth  3-  or  rarely  4-fid,  leathery, 
valvate ;  stamens  of  the  barren  flower  distinct  or  monaaelphous ;  anthers 
3-12,  perfect,  extrorse;  perianth  of  the  fertile  flower  deciduous;  carpels 
solitary  or  numerous,  rarely  2,  and  distinct ;  ovules  1  in  each  cell ;  fruit 
succulent,  containing  a  seed  surrounded  by  a  lobed  arillus,  and  having  a 
small  embryo  in  copious  oily-fleshy  ruminated  perisperm. — ^Illustrative 
Genera :  Myristicay  L ;  Hyahstemma^  Wall. ;  Virolu,  AuU. 

AlBiiitles,  fta — The  nearest  relations  of  this  Order  are  with  the  apoou*- 
pous  Thalamiflorous  Orders,  more  particularly  Anonacese,  with  which 
they  agree  in  the  dotted  leaves,  valvate  sBstivation,  extrorse  anthers, 
apocarpous  ovaries  and  ruminated  perisperm ;  but  the  flowers  are  usually 
perfect  in  that  Order.  The  structure  oi  the  seeds  connects  MonimiaceiB 
and  AtherospermaccsB  with  this  Order ;  but  they  have  opposite  leaves, 
besides  other  peculiarities.  The  aril  originates  both  from  the  hilum  and 
the  micropyle.  In  many  points  they  resemble  Magnoliacesa,  but  differ  in 
the  valvate  calyx,  absence  of  corolla,  monadelphous  stamens,  solitary 
carpel  and  ovule.  The  resemblance  to  Sterculiacese  seems  to  have  been 
overlooked  ;  nevertheless  there  are  many  points  of  contact  between  the 
present  family  and  the  tribe  SterculiesB,  in  the  apetalous  unieezual 
flowers,  the  valvate  calyx,  the  monadelphous  stamens,  the  arillate 
seeds.  In  their  active  qualities  and  habit  they  somewhat^  resemble 
LauracesB. 

DistrllmtioB. — ^Tropical  India  and  America;  most  numerous  in  the 
former. 

Qualities  and  Uses. — Aromatic  and  acrid.  The  common  Nutmeg  is 
the  seed  of  Myristtca  moschata  (Moluccas),  Mace  being  the  laciniated 
arillus  surroundinf?  this.  Coarse,  inferior  Nutmegs  are  obtained  from 
At,  Otoba  in  Brazil,  Jf.  spuria  in  the  Indian  islands^  and  others  of  the 
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munenms  Amc^can  and  East-Indiaii  species.    I)ie  bark  and  the  rind  of 
the  fruit  are  acrid. 

Nefe5ThaC££  are  herbs  or  half-shrubby  plants  with  alternate  leaves 
which,  when  perfect,  have  a  long  stalk  terminating  in  a  pitcher  with  an 
diciilated  lid.  Morphologically  the  pitcher  is  considered  to  be  a  dilata- 
tion of  a  pland  at  the  top  of  the  midrib  of  the  young  leaf.  The  flowers 
are  dio&cious,  with  a  4-merous  perianth ;  stamens  coherent  in  a  solid 
eolamn  (as  in  C^/tuus)  ;  anthers  about  16,  extrorse ;  ovary  free,  4-angled9 
4-ceUed ;  seeds  very  numerous,  attached  to  the  sides  of  the  dissepiments. 
Embryo  in  fleshy  perisperm. — The  relations  of  this  Order  are  at  present 
obidire.  Most  authors  connect  them  with  AristolochiaceaB. — They  are 
zutives  of  the  tropical  region  of  Asia,  and  one  is  found  in  Madagascar, , 
another  in  the  Seychelles.  They  are  cultivated  in  our  stoves  on  account 
oftheir  curious  and  often  beautiful  pitchers.  These  latter  entrap,  dis- 
»Ive,  and  dif^st  insects  and  other  animal  matter,  their  glands  contaminga 
digestive  ferment  capable  of  acting  in  the  presence  of  an  acid. 

Gtbocabpka  are  usually  stationed  in  this  vicinity,  but  have  been 
ainady  treated  of  under  CombretacesQ,  ante  p.  262. 

THYMELACKS:.    Thb  Lace-babk  Obdee. 

Coh.  Daphnales,  Benth.  et  Hook, 

Dio^nonii. — Shrubs  or  trees  with  an  acrid  and  very  tough  (not  aromatic) 
bark,  entire  leaves,  and  perfect  flowers,  with  a  regular  and  simple,  usually 
ooloored  perianth,  bearing  ordinarily  twice  as  many  stamens  as  its  lobes, 
h»  from  the  1 -celled,  1-ovuled  ovary;  seed  suspended;  perisperm  none  or 
juing;  radicle  superior. — Illustrative  Genera:  Daphne,  L. ;  PimeUa^ 
^ks  &  Sol. ;  Lagetta,  Juss. ;  Hemandia,  Plum. 

AllhiltlM,  ftob — Among  the  Monochlamydeous  Orders  this  may  be  dis- 
tinguished from  SantalaceflB  by  its  free  ovary ;  from  Elseagnnceae  by  its 
perfect  or  polygamous  flowers  and  pendulous  seed ;  from  Lauraceee  by  the 
lonfritudinal  dehiscence  of  the  anthers ;  from  Proteaceae  by  its  pendulous 
aeeds  and  imbricated  perianth.  The  flowers  are  mostly  perfect,  but  poly- 
gamous in  the  tribe  Hemandiea.  The  flower-tube  is  probably  of  recep- 
tacalar  origin.  The  liber  is  developed  in  numeroua  separable  lasers  in  tne 
Wk  of  these  planta.  The  Order  is  divided  into  tribes  accordmg  to  the 
presence  or  absence  of  petaloid  scales  or  glands.  Hemandie<B  are  by  some 
constituted  aa  a  distinct  Order,  di Bering  from  Thymelads  in  habit,  struc- 
t^m  of  bark,  position  of  styles,  and  2-seriate  perianth. 

Disiiltmtlon. — ^A  rather  large  Order,  most  abundant  at  the  Cape  of 
^ood  Hope  and  in  Australia,  but  found  sparingly  in  all  other  parts  of 
the  world.- 


<^lAlitlM  and  ITms. — The  bark  is  usually  acrid,  and  that  of  Mezereon 
{pa^ikne  Mexereum)  and  other  plants  is  used  as  a  local  irritant ;  taken 
internally  it  is  an  irritant  poison.  Darihne  Laureola,  the  Spurge  Laurel, 
bother  native  species,  has  similar  qualities — ^as  also  D,  Gntdium  and  2>. 
ppn^ico,  favourite  garden  shrubs,  and  other  species.  The  liber  of  Lagetta 
(inteana  (West  Indies)  is  separable  into  lace-like  laminsBi  whence  it  is 
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called  the  Lace-bark  tree,  and  the  liber  of  some  DapJmeB  famishes  useful 
fibres,  and  in  other  cases  is  manufactured  into  paper.  The  berries  of 
Daphne  are  poisonous ;  but  the  seeds  of  Inocarpus  eduUs  are  eaten  roasted 
like  chestnuts.  Daphne,  Pimeleaj  and  some  other  genera  include  many 
handsome  cultivated  plants,  the  perianth  being  petaloid. 

Aqtjilariack.b  are  a  small  group  of  plants,  of  tropical  Asia,  included 
by  some  in  Thymelaceae,  but  having  a  2-celled  ovary,  or,  if  1 -celled,  then 
with  2-3  1-ovuled  parietal  placentas,  and  sometimes  a  2-valved  dehiscent 
capsule ;  one  ovule  is  sometimes  abortive ;  and  the  fruit  in  some  cases  is 
an  indehiscent  succulent  berrv. — The  heart-wood  of  Aqi*ilan'a  arata  and 
A.  AffaUochum  is  known  as  iBagle-wood  or  Aloes-wood,  and  contains  a 
resinous  matter  of  stimulant  quality. — Genera  :  AqmUaria,  Lam. ;  Gyri- 
nopgis,  Gcertn. 

ELiE AGNACEiE  are  shrubs  or  small  trees  with  silvery-ecurfy  leaves 
and  dioBcious  or  polygamous  flowers ;  perianth  free  from  the  ovary,  it» 
tube  becoming  hard  or  pulpy,  and  berry-like  in  the  fruit ;  stamens  as 
numerous  ts  Uie  lobes  of  the  perianth,  and  alternate  with  them,  or  twice 
as  many;  ovary  1-celled,  1-seeded,  seed  ascending;  embryo  straight, 
with  thin  perisperm  and  an  inferior  radicle. — The  species  are  generally 
diffused  in  the  northern  hemisphere,  separated  from  the  Thymelaceie  by 
the  ordinarily  dioecious  structure  and  the  ascending  ovule ;  Elaagnm^ 
which  has  perfect  or  polygamous  flowers,  forms  the  link.  From  Prote- 
aceaB  they  are  separated  by  the  valvate  calyx  and  the  indehiscent  fruit 
The  pollen  is  triangular  or  ovoid  (Mohl).  The  scurfy  scales  upon  the 
leaves  are  elegant  microscopic  objects. — ^The  berries  of  Hippophae  rham- 
noideSf  Sea  Buckthorn,  common  on  our  sea-coast,  are  sometimes  used  in 
fish-sauces,  but  are  said  to  have  narcotic  properties.  Those  of  EltBopnvt 
orien*alis  are  eaten  in  Persia,  and  those  of  other  species  in  India.  The 
flowers  of  some  species  are  very  fragrant.  Traces  of  plants  of  this  Order 
have  been  seen  in  Miocene  and  more  recent  deposits. 


PEOTEACE^. 

Coh,  Laurales,  Benth,  et  Hook, 

Diagnosis. — Shrubs  or  small  trees  usually  with  umbellate 
branches;  leaves  hard,  dry,  opposit'e  or  alternate,  exstipulate: 
flowers  usually  bisexual,  apetalous  ;  perianth  4-cleft,  valvate : 
stamens  4,  superposed  to  the  segments,  sometimes  partially  barren ; 
anthers  opening  longitudinally ;  ovary  single,  simple,  free,  with  1 
ovule,  or  2  or  more  ovules  in  2  rows,  ascending  or  descending; 
seeds  without  perisperm  ;  embryo  straight ;  radicle  generally  in- 
ferior.— Illustrative  Genera:  iVotea,  L. ;  ^«i;iZ2ea,  E.  Br. ;  Hakea, 
Schrad. ;  Banksia^  L.  fil. 

AiliititlM.  fto. — ^The  Order  is  divided  into  two  tribes  according  as  tbe 
fruit  is  dehiscent  or  indehiscent.    In  J9e^i(2fna  the  stamens  are  free.  In 
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Smtk  and  some  other  genera  the  anthers  are  eyngenesiouB.  The  ar- 
nngement  of  the  stigmas  and  stamens  to  favour  cross  fertilization  is  often 
TOT  singular.  The  poUen-grains  are  usually  triangular,  sometimes  elliptic. 
The  derelopment  of  the  lohes  of  the  perianth  is  successive,  not  simultane- 
008,  hence  the  perianth  may  he  consiaered  as  calydne.  The  remarkable 
habit  of  these  plants  is  a  striking  characteristic ;  and,  besides  the  rigid 
fbli age,  we  have  the  valvate  perianth  with  the  stamens  opposite  the  lobes, 
awl  the  radicle  pointing  to  the  base  of  the  ovary,  to  distinguish  this  Order 
from  the  ThymelacesB  and  nearest  Monochlamydeous  Orders.  The  struc- 
ture of  the  stomata  of  the  coriaceous  leaves  is  very  curious,  and  presents 
many  modifications. 

Dtotrtiuitloii. — ^A  large  Order,  the  species  of  which  are  found  chiefly  nt 
tb«  Cape  and  in  Australia.  Fossil  Proteads  have  been  found  in  Eocene 
beds,  and  these  Dicotyledons  are  among  the  first  of  which  traces  remain 
to  ua. 

QwUtiM  end  UaaSi — ^The  wood  is  perhaps  the  most  valuable  product 
of  tiieee  plants,  being  largely  used  for  firewood  where  they  abound ;  some- 
times it  IS  used  for  joinery  when  hard  wood  is  required.  The  striking 
character  of  their  evergreen  foliage,  and  the  brilliant  colours  of  the  heads 
of  flowers,  render  them  great  favourites  in  cultivation,  and  the  genera 
above  cited  will  be  found  in  most  large  collections  of  greenhouse  ahrubs. 
Mooodamia  temifoiia  furnishes  an  ediole  seed. 


EUPHOBBIAGEJS.    Ths  Spttbge  Obdbb. 
Coh,  Euphorbiales,  Benth,  et  Hook, 

Diagnosis. — ^Herbs,  shrubs,  or  trees,  mostly  with  a  milky  acrid 
juice,  and  leaves  usually  alternate  and  stipulate;  monoecious  or 
difficious  flowers ;  perianth  various  or  none ;  the  fruit  of  1-3  or 
sereral  1-2-seeded  carpels,  united  round  a  central  column,  se- 
parating when  ripe ;  embryo  straight  in  perisperm. 

Character, 

Thalamus  flat  or  concave,  or  prolonged.  Flowers  dicUnous,  axillary 
or  terminal,  sometimes  enclosed  in  a  cup-shaped  involucre. 
Calyx  inferior,  with  internal  glandular  or  scaly  appendages, 
sometimee  wanting.  Corolla,  of  petals  or  scales  as  many  as  the 
sepals,  or  wanting.  Stamens  definite  or  indefinite,  distinct  or 
monadelphous ;  anthers  2-celled,  sometimes  opening  by  pores. 
Ovary  free,  sessile  or  stalked,  1-,  2-,  3-,  or  many-celled  ;  styles 
as  many  as  the  cells,  distinct  or  combined,  or  wanting ;  stigmas 
combined  or  separate  and  bifid  ;  ovules  1  or  2,  suspended  from 
the  inner  angle  of  each  cell  beneath  a  prominent  *' obturator  "  or 
placental  outgrowth.  Fruit  dry,  the  carpels  splitting  and 
separating  ehwtically  from  the  axis,  or  succulent  and  indehi- 
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scent ;  teede  suspended,  1  or  2  in  each  cell,  often  with  on  arillus ; 

tmbn/o  iu  fleuhy  periaperm  ;  radieU  superior. 
.  Thia  Order  is  divided  by  Miiller  into  two  main  divieionB,  accnrdiop  to 
the  tiize  and  brendlh  of  the  cotvledoDs,  the  number  of  the  ovules,  the 
wstivation  of  the  calyx,  &c,  Baillun  divides  them  according'  to  tlie  num- 
ber of  the  ovules  in  the  first  inxtauce,  the  presence  or  absence  of  peii^penu, 
the  presence  of  an  "  obturator  "  ur  process  of  the  placenta,  the  sexukl  con- 
dition of  the  flowers,  &c. 


Hura,Z. 
Hippomsne,  L. 
Cwleboifvne,  J.  Sm, 
Mercurialis,  L. 
Acaiypha,  L. 


iLi.nsTnATiVB  Oenbba. 
Jalmpha,  Kfh. 
Ridnus,  Toumff. 
Ilottlera,  Eujb. 
Croton,  L. 


Euphorbia,  L, 
Cluvtia,  L. 
Xylophylla,  L. 
Phjllati'thus,  L. 


AfltattlM,  ho. — As  the  more  fejuilinr  forms  of  this  Order  are  either 
npetalous,  or  even  destitute  of  a  ceiyx,  it  is  usually  arranged  amunf^  the 
Monochlamjdete  in  elementary  works;  but  a  l^'ge  proportion  of  the 
fiotic  geneta  have  the  corolla  represented  either  by  scales  or  petals. 
The  common  Spurges  (Euphorbia),  the  principal  native  repTeeentaaves  uf 
the  Order,  have  a  very  remarkable  inflorescence,  or  "  cyathiura,''  bv  son.c 
cuneidered  as  a  simple  flower;  there  ie  a  cup-lihe  involucie  (r^yx  ac- 
cordinif  to  BaiUon,  who  reverts  to  Ijinnteus's  original  idea),  within  which 
are  formed  a  number  of  stamens  with  an  articulation  in  the  tilanient, 
together  with  a  stallied  tricarpellary  ovary  (flg.  420).    £ach  one  of  the 


Fig.  420. 


Fig.  430. 


«  ot  ths  imolacr*  of  E%i*eMa  Ulkr^.  eoBUinim  o»  M^tfJ 
n  1^1  EvplcrMo.  the  Ifft-hud  witfaoat  m  pehuCh,  Uw  rigbl  ■ilh 


stamens,  according  to  R,  Brown  and  many  others,  represents  a  mtlfl 
flower  reduced  to  its  lowest  term ;  for  a  miuuta  bract  eiista  at  the  bsse 
of  each  filament,  and  in  some  species  a  perianth  occurs  at  the  articulation, 
which  is,  in  fact,  the  base  of  the  flower ;  the  ovarj'  in  liie  manner  repre- 
seuts  a  female  flower.    This  is  well  illualmted  bj  the  exotic  genus  M<mf 
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tcm  ffig.  4S0),  where  the  cup-like  involucre  is  replaced  by  scales,  and, 
instead  of  the  jointed  filaments,  we  find  several  stalked  male  fiowers, 
inth  perianth  and  stamens,  surrounding  one  female  flower.  Warming 
adopts  Brown's  view  of  the  nature  of  the  "  cyathium,"  and  further , 
Moadera  the  stamens  either  as  buds  or  as  caulomes,  each  stamen  repre* 
.^Dtinga  distinct  flower,  and  each  of  the  five  bundles  of  stamens  in 
Euphorbia  being  a  sympode. 

Three  is  the  ordinary  number  of  carpels ;  but  Mercurialis  has  but  two, 
ind  2Mme  exotic  genera  but  one ;  on  the  other  hand,  9  or  even  15  {Hurd) 
tR  occasionally  present.  The  fruit  is  UFually  dry  and  dehiscent,  but  in 
San^icocca  succulent.  Ricinus  has  much  divided  stamens.  Considerable 
variety  of  habit  occurs ;  some  of  the  foreign  EuphorhicB  have  fleshy,  spiny 
9t4iD8,  somewhat  resembling  those  of  the  Cactaceae,  XylophyUa  and  PhyU 
^Aks  having  leaf-like  flowering  branches  \  and  a  number  of  large  tropical 
trees  belong  to  this  Order. 

Tbeae  plants  approach  very  closely  to  Malvacess  and  specially  to  Ster* 
coliaces,  the  composition  of  the  ovary  being  analogous,  and  the  stamens 
often  monadelphous ;  Aleurites,  Jairopha,  and  other  genera  have  a  corolla 
mTu:h  resembling  Malvaceae;  and  there  is  a  further  affinity  to  Rhamnaceae. 
<>a  the  other  hand,  looking  to  their  diclinous  character  and  frequently 
mmmplete  flowers,  they  approach  the  Urticaceae,  from  which  they  are,  as 
I  whole,  distingiushed  by  their  compound  ovaries :  such  genera  as  JEre^ 
nuaarpm,  having  but  one  carpel,  connect  the  two  groups.  Some  of  the 
ji^oen  have  stinging-hairs  like  Urticaceae  (Jatropha). 

Mitribatlon.  A  very  large  Order,  generally  diffiised  over  the  globe ; 
specially  abundant  in  Equinoctial  America.  A  few  species  are  indige- 
Quas  to  this  country. 

QoaHtlM  and  Uam. — These  plants  mostly  produce  a  lactescent  juice, 
which  contains  caoutchouc ;  the  watery  part  of  this  sap  is  generally  more 
"T  less  acrid,  purgative,  emetic,  or  powermlly  poisonous,  from  the  presence 
of  ft  principle  dissipated  by  heat ;  starch  abounds  in  the  roots  of  some 
kinds,  while  oil  of  a  purgative  character  is  common  in  the  seeds  ;  the  bark 
'>f  <orae  of  the  trees  has  tonic  properties ;  the  wood  of  several  is  very 
ralaable  fur  its  hard  close  texture;  and  several  of  the  plants  furnish 
(lyes.  The  lactescent  juice  of  Hevea  (Siphonia)  eUutica  is  the  source  of 
th^  "  bottle  "  Caoutchouc  of  Brazil  and  Guiana,  and  various  other  species 
>f  Hetea  also  furnish  it ;  Aleurites  lactifera  yields  Gum-lac  in  Ceylon ; 
Euphorbia  antiquarum  and  J?,  canariensis  are  believed  to  yield  the  gum- 
re^io  called  Euphorbium.  The  common  Spurges  (Euphorbia)  have  pur- 
gBtive  properties ;  the  root  of  E,  Ipecacuanha  is  used  as  an  emetic  in  North 
America ;  and  the  species  of  MercuriaOs  have  similar  properties,  especially 
^.peremuBf  which  is  unsafe  to  use,  since  it  produces  violent  purgmg,  and 
erea  sometimes  convulsions  and  death.  The  most  deadly  member  of  the 
(>rdeT  seems  to  be  the  Manchineel  {Hippomane  MancineUa)^  a  Panama 
ptftQt,  the  juice  of  which  is  so  acrid  as  to  cause  ulceration  when  dropped 
^'0  the  afan,  and  its  apple-like  fruit  has  a  vesicating  juic^  j  the  juice  of 
EraBcaria  AgaUochutn  and  oiHura  crepitans  has  similar  properties.  The 
glandalar  hairs  of  MaUotus  philippineneis  furnish  the  drug  known  as  Ka- 
Dftk,  used  for  tape-worm  and  for  djeing  purposes. 

The  oily  seeds  are  mostly  purgative :  Croton  oil  is  expressed  from  those 
of  OrUan  Tiglntm  and  Favana  (East  Indies) ;  Castor-oil  from  those  of 
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^winu»  communiSf  in  which  the  purgative  pioperty  is  fonnd  to  reside  in 
the  embryo,  not  in  the  perisperm ;  the  seeds  of  Jaura  cremtans  and  Otrcat 
(Jatropha)  purffons,  the  '*Purging-nut,"  sie  violent  cathartics^  and  those 
of  Euphorbia  Lathyri»  are  sometimes  employed  in  the  same  way.  The 
solid  oil  obtained  from  the  seeds  of  StiUmgia  tehifera,  the  Tallow-4iee,  is 
used  for  making  candles  in  China.  Cascarilla  bark,  with  tonic  pronerties, 
is  obtained  from  Croton  Eleuteria  (Bahamas) ;  C  pseudo-quina  and  other 
species  have  similar  qualities.  CHdfieUUa  afrioana  is  the  African  Teak- 
tree.  Crozophora  tinctoria  furnishes  the  aye  called  Turnsole ;  RotUera 
tinotoria  ^East  Indies)  a  scarlet  dye.  The  pure  starch  obtained  by  grating 
and  washmg  the  roots  of  Jatropha  MamJwl  {Manihat  utikuifnd)  forms, 
under  the  name  of  Mandioc  or  Cassava,  a  most  important  article  of  food 
in  South  America ;  the  finer  particles  of  starch,  softened  by  heat,  and 
afterwards  granulated,  constitute  Tapioca.  The  waslung  removes  a  nar- 
cotic poisonous  matter  which  exists  m  the  sap :  the  Indians  dissipate  this 
principle  by  heat,  simply  roasting  the  roots.  It  is  a  shrub  about  8  feet 
nigh,  with  a  large  'root,  sometimes  weighing  80  lbs.,  and  is  cultivated  all 
over  the  tropics,  out  especially  in  America.  Numerous  Crotona  are  grown 
for  their  beautiful  foliage. 

BinLACEA  constitute  a  very  small  Order,  formerly  included  among 
£uphorbiace»,  but  differing  in  the  absence  of  milky  juice,  in  the  loculi- 
cidal  capsules,  ovules  pendulous  from  the  inner  angle  of  the  ceUs  oi  the 
ovary,  micropyle  superior  and  internal.  The  leaves  of  the  conmion  Box 
(BujLiLs)  are  purgative ;  the  wood  is  specially  used  for  engraving  and  for 
turners  purposes. 

Daphniphyllacrjb  are  constituted  |^  Mtiller  (of  Arpu)  a  distinct 
^up,  differing  from  the  two  preceding  m  their  small  embryo  concealed 
in  perisperm,  and  in  the  ventral  raphe. 

ScEPACBiB  are  a  small  group  of  East-Indian  plants,  allied  to  Euphor- 
biaceffi,  but  having  the  flowers  in  catkins,  thus  forming  a  transition  to 
t^e  CupuHferaa  and  Betulaceee. — Genera :  ScepOf  LindL  ;  ZepidotiachySf 
WalL 

Pexjeace^  are  a  small  Order  of  Cape  evergreen  shrubs,  related  to 
ProteaceaB,  but  having  a  4-celled  ovary,  4  stigmas,  and  a  4-celled  de- 
hiscent or  indehiscent  capsule. — ^The  drug  called  Sarcocol  has  been  sup- 
posed to  be  derived  from  some  of  these  plants ;  but  this  is  doubtful 
Uenera :  Penaoy  L. ;  SarcocoUa,  Kth. ;  Geustdoma,  IdndL 

LACiSTEMACEiB  are  a  small  group  of  shrubs  belonging  to  the  woods  o( 
tropical  America,  with  alternate,  dotted,  stipulate  leaves,  with  apetalous, 
'polygamous  or  diclinous  fiowers,  and  a  1-celled  ovary  with  pariecai 
placentas.  Their  position  is  doubtful ;  they  have  an  amentaceous  inflores- 
cence, a  perianth  like  that  of  Urticaoess,  filaments  like  thoee  of  Chlor- 
anthacesB,  and  an  ovary  like  that  of  SamydacesB  or  Bixacets,  with  arillatd 
seeds  as  in  the  latter  Order. 

Empbtbacejs  are  low  shrubby  evergreens,  with  the  foliage  and  aspect 
of  Heaths ;  the  flowers  are  small,  diclinous ;  the  perianth  consists  of  4-0 
persistent  hypogynous  scales,  the  innermost  sometimes  petaloid;  stameofl 
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2-3,  ahenftte  with  the  inner  scales ;  oyaiy  free,  on  a  disk  2-0-celled ; 
<mile«  flolitaxy ;  firait  fleshy,  with  2-9  nuts;  seeds  1  in  each  nut,  ascending, 
peri^peimic;  zadicle  inferior. — ^These  plants  have  the  appearance  of 
tjkicetd,  the  finiit  exen  being  like  that  of  Vacciniese,  while  the  stigmaa 
and  th«  general  structure  ot  the  flowers  are  Euphorbiaceous ;  butflrom  the 
Eopkorbiaceffi  they  differ  in  the  ascending  seed  and  inferior  radicle. — 
They  are  mostly  natiyes  of  Northern  Europe  and  North  America, 
ilooker  places  them  near  Olacaceao.  The  leaves  and  fruit  are  slightly 
uiAj  agreeable ;  the  berries  of  JSfrqjetrum  ntffrumf  the  Crowberr3r.  are  eaten ; 
iht  Greenlanders  prepare  a  fermented  liquor  from  them.  The  Portuguese 
me  the  berries  of  a  Vorefna, — Genus,  JSmpetnim. 

Batib  uabxtimAj  a  succulent  shrub  with  opposite  leaves,  unisexual 
fiovers  airanged  in  catkins,  is  found  in  the  salt  marshes  of  the  West  Indies. 
The  fruits  are  all  fused  in  a  mass  with  the  bracts.  It  is  sometimes  made 
the  type  of  an  Order,  but  is  regarded  by  Lindley  as  very  close  to  Empe- 
tncee.  Others  place  it  near  to  Tamanscinea)  or  Chenopodiaceffi.  It  is 
dometimes  used  in  West-India  pickles. 


UETICACEJE.    The  Nettle  Ordeb. 
Coh,  Urticales,  Benth,  et  Hook, 

Bia§ncm. — Herbs,  shrubs,  or  trees  with  stipules  and  moncecious 
or  diieeioQs  or,  rarely,  polygamous  flowers  ;  perianth  regular,  free 
from  the  1-celled  (rarely  2-celled)  ovary,  or  absent ;  stamens  equal 
in  number  to  the  lobes  of  the  perianth,  and  superposed  to  them,  or 
sometimeff  fewer,  uncoiling  elastically ;  embryo  straight  in  the 
perisperm  when  this  is  present,  the  radicle  pointing  upwards. 

This  Order  is  divided  by  Weddell  into  the  following  tribes  : — 
1.  Urere^  Leaves  with  stinging-hairs ;  leaves  opposite,  or  if 
alternate  arranged  spirally;  perianth  of  female  flower  4-parted, 
rarely  tubular,  always  free.  Urtica^  L. — 2.  Peoceide^.  Leaves 
without  stinging-hairs  ;  leaves  opposite,  or  if  alternate  distichous ; 
perianth  of  female  flower  free,  3-5-parted;  stigma  brush-like. 
1^'dta,  L. — 3.  BcEHMEBiE^  Plants  without  stinging-hairs ;  leaves 
alterDate  or  opposite ;  perianth  of  female  flower  free  or  adnate  to 
the  ovary,  frequently  tubular,  rarely  very  short.  Bahmeria^  L. — 
4.  Paeietabiejb.  Plants  without  stinging-hairs;  leaves  alter^ 
Date;  flowers  dioecious  or  polygamous;  perianth  of  female  flower 
tubular,  free.  Inflorescence  bracteate.  Parietaria. — 5.  Fobs- 
KoHUES.  Plants  without  hairs  or  with  hardened  hairs;  leaves 
litemate  or  opposite ;  flowers  diclinous,  involucrate ;  perianth  of 
female  flower  tubular  or  wanting.    Forskohlia, 

HHnHiM,  Ae. — ^This  Order  is  nearly  related  to  the  Malvaceae,  Tiliacece, 
sod  EuphorbiacesB  on  the  one  hand,  and  to  the  amentiferous  Orders  on  the 
other ;  difi'ering  from  the  former  in  the  simple  ovary,  from  the  latter  in  the 
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UBual  presence  of  peiifipenn  in  the  ^eeds,  and  in  the  flowers  not  heing 
aiTanged  in  catkins.  There  is  a  further  relation  to  the  Chenopodiaceie, 
which;  however,  besides  the  circumstance  that  they  are  only  occasionally 
diclinous,  have  the  embr^'o  curved  round  the  outside  of  the  penspemi. 
The  pollen  is  generally  spherical.  The  leaves  abound  in  clusters  of 
crystals  contained  in  large  cells  (cystoliths).  The  leaves  of  Nettles  are 
often  oblique,  the  smaller  lobe  of  the  base  of  the  leaf  being  directed 
towards  the  branch  from  which  it  springs,  contrary  to  what  generally 
happens  in  oblique  leaves. 

DUitributlon. — The  Urttcea  are  generally  diffused,  but  are  much  more 
abundant  in  the  intertropical  regions  than  elsewhere. 

Qoalltles  and  Ueea. — Edible  fruits  and  valuable  fibres  are  the  principal 
products  of  this  Order.  BcAmeria  (Vrtica)  nivea  furnishes  the  fibre  for 
Chinese  "  Grass-cloth/'  Rhea  or  Ilamee  ;  B.  Puya  yields  another  valuable 
fibre ;  and  the  fibre  of  the  Stinging-Nettle  (  Lrtica  dioica)  was  formerly 
used ;  U,  tenacimma  furnishes  cordage  in  Sumatra.  The  juice  of  some 
Nettles  is  extremely  irritant. 

Cannabinace^  constitute  a  small  group  often  in- 
cluded under  Urticaceae,  but  differing  in  their  stamens  fig.  431. 
not  being  elastic,  their  donated,  not  rounded,  anthers, 
and  in  their  curved  apenspermic  embryo  (fig.  431). 
By  Baillon  they  are  placed  with  the  Elms.— 6Vinna6t> 
sativa  furnishes  the  hemp  of  commerce,  which  consists 
of  the  woody  fibres  of  the  plant  separated  by  maceration. 
C.  indica  yields  a  narcotic  resinous  product  known  as 
Indian  hemp.  HumtUus  Lupuitis,  the  flop,  is  well  known  Bead  oiSuamiuM 
for  its  aromatic  bitter  properties.  opened. 

ARTOCARPACE.E  are  trees  or  shrubs,  or  rarely  herbs,  with  milky 
juice ;  alternate  leaves,  usually  provided  with  convolute  deciduous  sti- 
pules ;  diclinous  flowers,  males  in  catkins,  females  in  heads  or  flat  recep- 
tacles ;  perianth  3-4-parted  or  none;  stamens  not  elastic;  ovary  l-c*»llea; 
ovule  solitary;  perisperm  fleshy  or  none;  embryo  straight  or  curved; 
radicle  superior. 

The  Order  is  divided  into  two  tribes : — 1.  Artocarpkjb,  with  stamens 
inflexed  in  the  bud,  e.  g.  Artocarpus*  2.  Morra,  with  straight  fila- 
ments, e.  g.  Moituiy  Ficus. 

AAnltlea,  &o, — The  main  difference  between  this  group  and  the  Urtica- 
ceffi  lies  in  the  milky  juice  and  general  habit.  By  Baillon  it  is  classed 
under  UlmacesB  (see  that  family).  The  inflorescence  and  fruit  of  these 
plants  are  curious :  in  Dorst^tia  the  flowers  are  embedded  in  the  top  of  a 
tabular  fleshy  peduncle  (fi^.  148) ;  in  Ficus  enclosed  in  an  excavated 
fleshy  peduncle  (fig.  147)  ;  in  Moms  the  female  flowers  are  developed  in 
a  sort  of  capitulum,  and  subsequently  coalesce  into  a  compoimd  fleshy 
fruit,  resembling  a  blackberry  (tiff.  3(57),  but  each  "  pip  "  is  formed  from 
a  distinct  ovary  j  in  Artocarpjm  the  numerous  flowers  are  crowded  on  a 
globular  fleshy  peduncle,  which  enlarges  into  a  large  fleshy  fruit,  some- 
times weighing  30  lbs,    Ficw  indica  (the  Banyan  tree)  and  some  other 
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^ipecies  of  the  same  genus  are  remarkable  for  Bending  down  numerous  root8 ' 
£ri>m  their  branches,  which  strike  into  the  earth  and  convert  the  tree  into 
a  kind  of  grove. 

ttitrlbatton. — The  Artocarpaceffi  constitute  a  large  group,  whose 
members  are  almost  exclusively  tropical  and  subtropi^  in  both  hemi- 
spheres. 


QtwUties  and  Ums. — Most  of  these  plants  have  a  milky  juice,  con- 
uiuiog  more  or  less  of  an  acrid  poisonous  principle  and  of  caoutchouc. 
Bnuisimnetui  papyri/era  is  the  Paper-Mulben*y  tree,  the  inner  bark  of 
which  is  used  for  making  paper  &c.  in  China  and  the  South -Sea  Islands. 
Adiarit  wcetdora  has  a  tibrous  bark,  used  for  cordage  and  mattiDff,  also 
V<cropia  peUata,  Brotimum,  &c.  Caoutchouc  is  largely  obtainea  from 
CadiUoa  elagUcOy  Ficus  eloMicOf  and  other  species;  a  milky  juice,  of  very 
iiutntioos character,  containing  nearly  4  percent,  of  fibrin  and  albumen, 
i?  obtained  from  the  Cow-tree  of  South  America,  Brosimum  (Piratinera) 
^f.  The  renowned  Upas-tree  of  Java  is  a  large  tree,  Antiaris  toxicaria, 
wUeh  has  a  very  poisonous  juice ;  and  it  is  stated  that  linen  made  from 
it»  fibres,  if  badly  prepared,  produces  great  irritation  of  the  skin.  The 
fruit  of  Madura  aurantiaca,  the  Odage  Orange,  has  an  orange-coloured 
palp,  used  by  the  North-American  Indians  to  stain  their  skin  ;  the  wood 
of  M.iinetoria  is  used  by  dyers  under  the  name  of  Fustic.  Morus  alha, 
the  White  Mulberry,  is  largely  cultivated  in  Italy  and  the  East  for  feed- 
ing silkworms.  Morus  niffra  yields  the  Mulberries  of  our  gardens.  Arto- 
c^irput  mcisa  yields  the  Bread-fruit.  Darstenia  CorUrayei'va  was  formerly 
^teemed  as  a  tonic  and  diaphoretic.  The  wood  of  ISctta  SycomoruB,  the 
S^cimoie-fig,  is  very  durable,  and  is  supposed  to  have  been  used  for 
mummy-cases.  The  seeds  of  the  plants  of  this  Order  are  generally  whole- 
some and  nutritious. 

Stilaoinacrjb  constitute  an  Order  of  trees  or  shrubs,  with  alternate, 
nmole,  leathery  leaves  and  deciduous  stipules;  flowers  diclinous,  spiked, 
with  a  single  2-,  3-,  or  5-parted  perianth ;  stamens  2  or  more  on  a  tumid 
receptacle ;  anthers  2-lobed,  dehiscing  at  the  apex ;  ovary  free,  1-2-celled, 
etch  cell  with  a  pair  of  suspended  ovules ;  seed  perispermic ;  embr^'o 
straight;  radicle  superior. — ^These  plants,  natives  of^ Madagascar  and  the 
^i  Indies,  are  nearly  allied  to  UrticetBy  diifciring  chiefly  in  the  pulvinate 
<iisk,  inelastic  stamens,  and  anthers  bursting  at  the  apex.  The  dru- 
paceous fruits  of  AiUidtsma  pttbescens  and  StiUtgo  Bunias  are  subacid  and 
■jrreeable. 

Phytocbknacb^  are  an  Order  with  somewhat  obscure  relations,  con- 
sisting of  a  few  East-Indian  climbing  shrubs  with  a  curiouslv  organized 
wood.  They  have  diclinous  flowers ;  but  the  rudiments  of  tne  abortive 
s<^xual  organs  exist  in  the  flowers  of  both  kinds,  and  the  flowers  have 
both  calvx  and  corolla.  They  are  sometimes  included  among  the  Arto- 
torpettj  Wt  have  seeds  with  abundant  perisperm.  Bentham  and  Hooker 
place  them  with  Olacacese,  but  the  affinity  seems  remote. — Genera : 
Phytocrenej  Wall. ;  lodes,  Blume,  &c. 


344  SYSTEMATIC  BOTAlTr. 

ULMACEiE  (the  Elm  Obdbb)  cmuists  of  trees  with  watery  jmce, 
alternate   stipulate  leaves,    perfect   or 

moncBciously  polygamous  flowers ;  peri-  Fig.  432.  Pig.  483. 

anth  free,  membrcoiouBy  campanulate  or 
irregular  (fig.  432)  ;  stamens  definite ; 
filaments  straight  or  moderately  incurved 
in  the  bud;  ovary  free,  1-2-celled;  styles 
or  stigmas  2;  friut  a  single  samara 
(fig.  433)  or  a  drupe ;  seed  suspended, 
with  littie  or  no  perisperm  ;  radicle 
superior. — Illustrative    Genera :    Tribe 

1.  Orltbjb.  Ovary  1-celled.  Celtis, 
Toumef. ;  MerUnma,  H.  B.  K.— Tribe 

2.  (Ilmejb.    Ovary  2-ceUed.    HunerOj  Fig.  482.  Flower  of  uImm. 
GmeL;   tT/mtM,  L.                                             Fig.  4».  F«it  of  Ul««*. 

AlBnltlM,  AOi — These  plants,  chiefly  natives  of  northern  countries,  are 
very  closely  related  to  tne  Artocarpaceae  and  UrticaceaB,  and  are  scarcely 
distinguished  by  any  general  character  except  the  polygamous  structure  of 
the  flowers.  The  pofien  is  ellipsoid  with  five  pores  (Mohl).  They  are 
timber-trees  with  bitter  astringent  bark ;  Ulmus  can^pe^tria  is  the  oomnion 
Elm-tree,  U.  motitana  the  Scotch  or  Wych  £lm.  Celtis  australis,  called 
the  Nettle-tree,  has  a  drupaceous  fruit  of  astringent  quality. 

PLATANACEiE  (the  Plank  Order)  consists  of  trees  with  watery 
juice,  alternate  palmately  lobed  leaves,  sheathing  stipules,  and  monoecious 
flowers  in  separate  and  naked  globular  heads,  destitute  of  calyx  and  co- 
rolla, or  surrounded  by  scales  or  bristles ;  the  fruits  consisting  of  heads 
of  clavate  1-seeded  nucules  furnished  with  a  bristly  down  along  the  base ; 
seeds  solitary,  rarely  2,  pendulous ;  embryo  in  very  thin  perisperm ;  radicle 
inisrior. — The  Plane-trees  (PlatamiSf  L.\  natives  of  North  America  and 
the  Levant,  naturalized  in  our  parks  ana  squares,  are  chiefly  remarkable 
for  the  beauty  of  their  form  and  foliage.  The  stipules  are  intra-axillary 
and  sheathing,  the  petioles  dilated  at  the  base  and  concealing  the  bud, 
owing  to  the  fusion  of  the  edges  over  the  bud.  The  structure  of  the 
inflorescence  is  amentaceous  as  regards  arrangement  and  the  absence  of 
envelopes ;  but  the  ovaries  are  like  those  of  Artocarpea,  from  which  thev 
are  divided  chiefly  by  the  achlamydeous  flowers,  the  inferior  radicle,  and 
the  presence  of  perisperm  in  the  seed. 

Myricace^  constitute  a  small  Order  of  shrubs  with  resinous-dotted, 
often  fragrant  leaves ;  monoecious  or  dioecious  achlamydeous  flowers,  both 
kinds  in  short  scaly  catkins ;  stamens  2-16 ;  ovary  1-celled,  with  1  erect 
ovule ;  fruit  drupaceous ;  embiyo  without  perisperm ;  radicle  superior. 
They  diflfer  from  the  other  amentifcrous  Orders  in  the  simple  and  free 
ovary ;  they  are  also  related  to  Urticacese,  but  difler  in  the  amentaceous 
inflorescence  and  in  the  structure  of  the  seed.  They  have  many  points 
in  common  with  Juglandaceae,  but  difler  in  their  achlamydeous  flowers 
and  superior  ovary. — They  are  aromatic  shrubs  or  trees,  with  tonic  and 
astringent  properties ;  and  wax,  resin,  and  oil  are  obtained  from  them. 
Myiica  GaUy  the  Bog-Myrtle  or  Dutch  Myrtle,  yields  an  aromatic  oil 
and  secretes  wax  j  E,  cenfei-a^  the  Wax-Myrtle,  secretes  a  green  wax ; 
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Csmfdomc  tupienifoiia  is  need  in  eases  of  diairhoen  in  North  America.    The 
frwX  of  Myrica  sapida  is  eaten  in  NepaL — Genera :  Myrica,  Comptonia. 


BBTULACELiE  (the  Birch  Ordkb)  consists  of  trees  or  shrubs; 
monceeiouSy  with  both  kinds  of  flowers  m  scaly  catkins,  achlamydeousy 
2  or  3  under  each  bract  (scales  of  the  flowers  whorled  in  Alnus) ;  ovary 
2-cen^  2-oTuledy  ripening  into  a  dry,  1-celled,  l-seeded,  often  winged 
not,  without  a  cupule ;  seed  pendulous,  aperispermic  \  radicle  superior. 
Dlnstrative  G^enera :  Betuktj  L. ;  Alntu,  L. 

^miiHUw,  Ae. — This  small  Order  is  distinguished  from  Cupuliferse  and 
Ju^landaceae  by  the  free  ovary,  and  the  regular  occurrence  of  2  carpels  in 
the  ovary,  one  ceU,  however,  being  usually  obliterated  in  the  fruit.    From 

Fig.  434. 


Fig.  436. 


Pig.  434.  Male  and  female  oa^int  of  the  Biroh. 
Fig.  436.  Samaroad  fruit  of  the  Birch  {Bwlvla  alba), 

S&licaceae  they  differ  in  the  2  cells,  and  by  the  solitary  ovule  in  each  cell. 
These  plants  belong  chiefly  to  temperate  and  cold  climates ;  Betula  nana 
snd  Amu9  mcana  form  dwarf  shrubs  further  north  than  any  other  woody 
plants,  except  some  Willows.  The  bark  is  regarded  as  tonic  and  astrin- 
gent, and  an  empvreumatic  oil  is  obtained  from  that  of  the  common 
j^irehes  JBetttla  alba  and  glutinosa,  which  gives  the  peculiar  odour  to 
Russia  leather.  The  bark  of  B.  napyracea  is  used  for  making  baskets 
and  many  other  articles  in  North  America.  The  sap  of  B.  awOf  niffra, 
sod  lenta  yields  sugar  at  certain  seasons.  Alnus  gltditwm  is  the  common 
Alder;  its  wood  is  esteemed  for  work  to  remain  under  water,  and  for  the 
mannfacture  of  charcoal  \  the  leaves  and  female  catkins  are  sometimes 
wed  by  dyers. 

SALIC  ACE^  (the  Wn.Low  Okdeb)  consists  of  dioecious  trees  or 
Bhnibs,  with  both  kinds  of  flowers  in  catkins,  one  flower  under  each  bract, 
uitii^ly  destitute  of  envelopes,  or  with  a  membranous  cup-like  perianth 
(fig.  457,  Pojjulus) ;  the  fruit  a  1-celled  and  2-valved  pod,  containing 
numerous  seeds  clothed  vrith  lon^  silky  down ;  no  perisperm ;  radicle 
mferior. — Dlustrative  Genera :  SoIlv,  L.  ;  Foptiius,  L. 

-This  amentiferous  Order,  consisting  of  but  two  genera, 
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one  of  whicli,  Silir,  is  rich  in  species,  is  at  once  diitinoiiuliftble  hj  the 
2-valved  fruit  liaving-  numerous  seeds  clothed  with  sukj  bain.  The 
2-carpellary  ovary  and  the  inflorescence  connect  ihem  closest  with 
Beluiacete-  By  some  they  nre  placed  near  TomariscaceE, — The  Willows 
iHalij:)  and  Poplars  {Popiiiug)  belong  to  temperate  and  cold  clitiiat««. 
Some  are  valuable  for  their  timber ;  ^e  young  shoots  of  Willows  fumish 
material  for  basket-work;  and  the  bark  han  usually  febrifuge  properties, 
depending  on  the  presence  of  Salicine.     Populiu  nigra  is  the  commoa 

Fig.  43a 


Fiff.  4.1fl.  S  ntkJD  ofWillair. 

Fig.  *Xl.  e  Bwt«  ud  9  fuula  Boner  of  Pofaiia. 

Black  roplor,  of  which  the  Lombardy  Poplar  appears  to  be  a  fastigiate 
variety;  ?.  (rrojuio  is  the  Aspen  ;  P.  a/6n  is  the  Abele.or  White  Poplar. 

Salij:  babylimica  is  the  Weeping  Willow ;  Sallows  and  Osieni  are  tbe 
shoots  from  pollard  stumps  of  Salir  ii'mmaiiK,  vilellina,  &c. ;  Saiij:  alba  is 
the  ordinary  Willow-tree  found  by  river-sides.  Willow-wood  is  used  to 
some  extent  in  turning,  on  account  of  its  white  colour,  and  it  is  eeieemed 
tor  makitig  charcoal. 

CA8U.4RIN.\CE/E  are  pseudo-leafless  trees  with  pendulous,  jointed, 
striated  branches,  the  nodes  sometimes  with  short  toothed  sheaths  (whurb 
of  leaves)  ;  flowers  in  spikes,  diclinous ;  the  barren  flowers  in  loose  spikes, 
with  2  biacts  and  1  or  :j  sepalx,  the  latter  adhering  at  their  points ;  stamen 
1 ;  anther  2-celled ;  the  fertile  flowers  in  dense  spikes  or  heads, 
with  2-4  bracts ;  ovary  1-eelled,  with  1-2  ascending  ovules ;  fruit  a 
collection  of  follicles  agpregsted  with  the  bract  into  cones;  seeds  aperi- 
spermic,  with  a  superior  radicle. — The  species  form  a  smBll  group  consisting 
of  trees  of  remarkable  aspect,  the  branches  having  much  the  appearance 
of  the  branched  Eguittta.  The  jointed  stems  and  abortive  leaves  connect 
them  also  with  Epiiedra  among  tlie  Gymnosperras,  to  which  they  approach 
Iso  in  tbe  very  reduced  chexacter  of  the  flowers.     The  bracts  or  perianth- 


IK003CPL£T^  347 

s€gmeot8  are  variable  in  number.  The  single  stamen  is  central,  and  is 
coDjidered  to  be  a  prolongation  of  the  central  axi^.  The  ovary  is,  in  some 
cades,  spuriously  2-celled.  They  acquire  large  dimensions ;  and  the  wood 
of  their  trunks  becomes  very  solid  and  hea^'y.  The  greater  portion  of 
them  ue  natives  of  Australia,  where  thev  are  called  Beef-wood  trees, 
from  the  red  colour  of  the  timber. 

Chlosakthacxl£  constitute  a  small  Order,  having  the  following  cha~ 
ncterifttics.  Herbs  or  under  shnibs  with  jointed  stems  swollen  at  the 
iDdes,  opposite  simple  leaves  with  sheathing  stalks  and  minute  inter- 
petioUr  stipules ;  flowers  in  terminal  spikes,  achlamydeous,  hermaphro- 
dite or  sometimes  diclinous,  with  a  scaly  bract ;  stamen  1,  or^  if  more, 
roherent  and  definite ;  in  the  hermaphrodite  flower  anthers  3,  2  lateral 
l<elled,  median  2-ceIled ;  ovary  1-celled,  l-seeded ;  seed  pendulous ; 
embryo  in  the  apex  of  fleshy  pensperm  ;  radicle  inferior;  cotyledons  di- 
Ttficate. — Nearlv  related  in  general  character  to  PiperacesB,  but  diflering 
from  them  and  ^m  Saururacese  in  the  absence  of  the  double  endosperm, 
the  embrvo  bein^  without  the  **  amniotic  sac ; ''  there  is  a  more  distant 
rektions^p  to  Urticacese,  and  perhaps  some  aflinity  to  Loranthacese. — 
ThepUnts  are  tropical,  commonly  have  fragrant  properties ;  and  the  roots 
of  Vkioranihus  officinalis  and  hrachystachys  are  esteemed  as  tonic,  febri- 
fuge medicines  in  the  West  Indies.  The  species  of  Iledi/osmum  have 
aimikr  properties.  The  leaves  of  ClUoranthus  inconapicutu  are  occasionally 
G^  to  flavour  Tea. 

PIPERACE^.    The  Peppeb  Order. 

Ct»h,  Piperales,  Benth,  et  Hook, 

Diagnosis. — Shrubs    or    herbs    with    jointed    stems,   opposite, 
whorled,  or,  by  suppression,  alternate  leaves  ;  stipules  absent,  in 
pairs,  or  singly  opposed  to  the  alternate  leaves;      -p.     xgg 
flowers  spiked,  hermaphrodite  or  dioecious,  achlamy-         °' 
deous,  in  the  axil  of  a  bract,  with  which  they  are 
sometimes  confluent ;  stamens  2  or  more ;  anthers 
1-2-celied ;  ovary  free,  simple,  1-celled,  with  a  single 
erect  orthotropous  ovule ;   fruit  somewhat  fleshy ; 
aeed  erect,  with  the  embryo  in  a  distinct  sac  {am- 
m9)  at  the  top  of  copious  pensperm :  radicle  supe-     ^**Jf*Jto^*** 
nor. — ^Illustn^ive    Genera :   Peperomia,  R.   &   P. ; 
Miicropiper,   Miq. ;    CJiavica,   Miq. ;    Cubeba,   Miq. ;    Piper^   L. ; 
Aftanthe^  Miq. 

Afitnities,  fte. — The  stems  of  some  of  the  Piperacoce  present  so  irregular 
a  form  of  arrangement  of  the  wood,  that  some  authors  have  regarded 
them  as  belonging  to  the  Monocotyledonous  class ;  but  this  structure  is 
Dot  exactly  that  of  the  Monocotyledons,  and  they  have  a  dicot}'ledonous 
embrvo  and  reticulate-veined  articulated  leaves;  thev  mav,  however, 
w  regarded  as  connecting  the  two  classes  through  Aracese,  themselves 
somewhat  anomalous  forms  of  Monocotyledons.    The  chief  peculiarity  of 
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the  wood  18  the  preaence  of  woodv  bundles  (sometimes  forming  a  complete 
ring)  in  the  pith.  The  tribe  PenefOfmeeB  are  said  by  C.  de  Candolle  to 
have  no  cambium  ring.  The  Pipera  always  haye  a  cambium  ring. 
Their  nearest  relations  are  Chloranthaceae  and  Saururacece;  but  they 
differ  from  the  former  in  the  sac  of  the  embryo,  the  erect  seed,  and  the 
alternate  leaves ;  from  the  latter  in  the  simple  ovary  and  the  absence  of 
stipules.    They  are  more  distantly  i*elated  to  Urticacesd. 

Difltrlbatlon. — ^A  large  Order,  the  species  of  which  are  for  the  moatpart 
tropical ;  most  abundant  in  the  hottest  parts  of  America  and  of  the  Eas^ 
Indian  islands,  in  damp  situations. 

Qoalitlea  and  TTaeii — ^Pungent  and  aromatic,  more  or  leas  astringent 
or  narcotic.  Black  Pepper  consists  of  the  dried  fruits  of  Piper  rdgmm ; 
White  Pepper  is  the  same  with  the  fleshy  epicarp  removed  by  washing. 
Long  Pepper  consists  of  the  dried  spikes  of  Ckavica  Roxburffhii  {Pilfer 
longum)  ;  other  species  of  Chavica  are  used  in  India  and  Tropical  Amenca, 
with  Artanthe  adunca,  &c.  The  leaves  of  CTutuwa  Betle  are  chewed,  mixed 
with  slices  of  the  Betel  Nut  {Areca  oleraced)  and  lime,  by  the  Malays  and 
other  Indian  races.  The  ripe  fruits  of  Ci/beba  officinalis,  hamna^  Wallichiiy 
&c.  form  Cubebs,  or  Cubeos  Pepper,  and  have  aromatic,  stimulant,  and 
purgative  properties;  Artanthe  elongata  and  adunca  are  said  to  have 
similar  virtues.  Macropiper  methygticutn,  the  Ava  or  Kava  of  the  South- 
Sea  Islands,  has  powerful  narcotic  properties.  The  leaves,  or  powdered 
leaves  of  Artanthe  elongata  are  also  esteemed  as  a  styptic,  known  by  the 
name  of  Matico,  in  South  America  (other  plants  are  also  called  by  this 
name,  such  as  Eupatorium  glutinomm).  Most  of  the  plants  of  this  Order 
possess  some  of  the  above  properties,  more  or  less  powerfully  marked; 
Ariofnihe  crocata  yields  a  yellow  dye,  obtained  firom  the  spikes  of  fruit. 

SAUBXTRACEiB  Constitute  a  small  group  of  aquatic  or  marsh  plants 
of  North  America,  China,  and  North  Inaia,  related  to  Piperaceie,  but 
differing  in  the  compound  ovaries  and  stipulate  leaves  and  wood  destitute 
of  bundles  in  the  pith.  They  are  more  or  less  acrid.  Saururus  cenwus  is 
sometimes  used  in  medicine,  an  irritating  cataplasm  being  made  from  the 
root. 

Ckratophyllack-s  are  aquatic  herbs  with  whorled,  finely  dissected 
leaves,  and  minute  axillary  and  sessile  monoscious  flowers,  without  floral 
envelopes,  but  with  an  8-12-cleft  involucre  in  place  of  a  calyx ;  the  fertile 
flower  IS  merely  a  simple  1-celled  ovary,  with  a  suspended  orthotropous 
ovule ;  the  seed  filled  by  a  highly  developed  embryo  with  2  ootyledoDS  and  a 
conspicuous  plumule ;  radicSe  very  short,  inferior, — The  genus  Ceratophyl- 
lumy  of  which  some  authors  describe  6  species,  while  others  reduce  them 
to  1,  constitutes  this  Order,  consisting  of  aquatic  plants  with  whorls  of 
leaves,  and  having  almost  the  appearance  of  some  Confervoids.  The  relations 
oiCeratophyUum  are  obscure :  it  has  been  connected  with  the  Il^oragacese 
from  its  resemblance  to  Myriophyllum,  while  Lindley  places  it  provisionally 
among  his  Urticales,  and  Baillon  refers  it  to  Piperacese.  The  most  re- 
markable point  is  the  structure  of  the  seed,  which  is  aperispermic,  and 
consists  principally  of  2  fleshy  cotyledons,  inside  which  stand  a  decus- 
sating pab  of  leaves,  and  within  these,  surrounded  by  withered  endo- 
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sperm-edla,  is  the  plumule,  bearing  the  whorl  of  leaves  separated  by  a 
Aart  intemode  from  the  second  pair.  In  the  highly  developed  state  of 
tbe  ptamule  they  resemble  Nelutnbium,  They  are  found  in  ditches,  &c. 
tlmxij^iout  the  northern  hemisphere,  and  they  have  no  active  properties. 

Callitrichacb^  are  small  aquatic  annuals,  with  opposite  entire 
ieares,  and  solitary  polygamous  axillary  flowers,  without  any  proper 
floral  envelopes  ;  stamens  1  or  2 ;  fruit  4-lobed,  4-celled,  4-seeded ;  seeds 
Dendulous ;  embryo  inverted  in  the  axis  of  fleshy  perisperm ;  radicle  very 
loo^,  superior. — ^This  Order  consists  of  the  genus  CaUUriche,  comprehend- 
ing the  Starworts  of  our  freshwater  pools,  of  which  6  species  occur  in 
Europe  and  North  America.  Their  flowers  are  so  simple  that  it  is  difficult 
to  9eme  their  affinities.  Some  regard  them  as  related  to  Hippurisj  among 
the  Haloragacess ;  but  they  appear  to  be  truly  achlamydeous,  whence 
others  consider  them  allied  to  Euphorbiacese,  from  which  they  difler  only 
in  thear  4-lobed  ovazy  and  in  the  structure  of  the  seed.  They  have  no 
known  properties. 

PoDovrsMACEiB  are  aquatics,  growing  on  stones  in  fresh  running 
witer,  with  much  the  aspect  of  Seaweeds  or  Mosses^  the  minute  flowers 
bursting  from  a  spathe-lite  involucre ;  perianth  0  or  of  3  sepals  ;  stamens 
1  or  many,  hypogynous;  ovaiy  free,  compound,  2-3-celled,  with  2-3 
stigmas ;  ovules  numerous ;  fruit  a  many-seeded,  ribbed  capsule,  the  pla- 
centation  of  which  is  axile  or  parietal ;  seeds  aperispermic,  with  a  straight 
embryo. — ^This  is  a  group  of  very  curious  plants,  having  a  distinctly  Dico- 
^ledonous  embryo,  out  much  the  habit  of  the  Monocotyledonous  Naia- 
<uceas.  Lindley  regards  them  as  related  to  Elatinace^e,  or  possibly  to 
Plsntaginaceie,  bv  way  of  LittoreUa.  Htfdrostachys  is  diclinous,  the  other 
genera  perfect.  In  some  of  the  genera  there  is  no  real  distinction  between 
stem  and  lea^  the  structure  being  analogous  to  a  thallus.  They  are  most 
namerous  in  South  America ;  some  occur  in  India ;  one  in  North  Ame- 
rica. They  have  no  active  properties ;  but  some  species  of  Lacu  are  used 
for  food  on  the  Eio  Negro  and  other  parts  of  South  America. 


Series  2.  Ikfesa  or  Epioyit^. 

Ovary  inferior.    Perianth  more  or  less  distinct  in  the  male  or 
female  flowers,  or  both,  sometimes  none  or  very  indistinct. 


JTJGLANDACE^.    The  Walnut  Obdeb. 
Coh,  Quemales,  Hook, 

Diagtums, — ^Trees  with  alternate  pinnate  leaves,  without  stipules :  the 
sterile  flowers  in  catkins,  with  a  simple  scale  or  an  irregular  perianth ; 
the  fertile  solitary,  or  in  small  clusters,  with  a  regular  3-5-lobed  perianth 
adhering  to  the  incompletely  2-4-celled  ovary,  with  only  I  erect  ovule. 
Fruit  coDMSting  of  a  dehiscent  husk  enclosing  a  woody  shell,  containing 
a  laige  2-4-lob6d  orthotropouS|   aperispermic  seed;   cotyledons  oily. 
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sinuoua ;    radicle  ehort,  miperior.— Dluatrfttive  Qenera :    Jaglant,    L,  ; 
Carya,  Xutt 

AttnttUa,  Ach — A  small  but  well-mftrlicd  proup,  nearly  lelated  to  Capu- 
lifers,  but  iiiftering_  in  the  solitaiy  ovule  and  id  the  absence  of  a  cupule. 
From  the  re^ao us  juices  imd  pinnate  leaves,  tbey  have  been  regarded  as 
allied  to  Terebiuthai^eiB ;  but  the  latter  have  petals,  a  free  ovM-y,  and 
curved  ovule.  The  Walnut  (Jufftaiu  regia)  is  a  well-known  example  of 
the  Order.  The  wood  of  this,  as  well  as  of  J.  nigra,  is  valued  by  ciirpeii~ 
tera.  The  nuts  of  J.  cinerea  are  called  Butter-nuts  in  Canada.  Oirya 
alba,  the  Hickory  of  North  Americl^  has  tough,  elastic  wood  and  an 
edible  nut,  as  also  has  C.  olivifurmu. 

CUPULIFEE^.    The  Oax  Ohdeb. 

Coh.  Quemalee,  Jlook. 

Dtagnimit. — Trees  or  shrubs  with  altemaia  umpta  feather-veined  leaves 
and  deciduous  stipules ;  monoecious  flowers,  the  barren  in  catldne  or 
clustered,  the  fertile  solitaiy  or  clustered  aud  furnished  with  en  involucre 
which  forms  a  cup  or  coverinft  to  the  Uowers  (Hg.  439);  Jstamens  5-20, 
inserted  at  the  base  of  scales  or  of  a  membranous  perianth ;  $  ovary 
crowned  hy  the  rudimentary  teeth  of  an  adherent  calyx,  3-  or  more  cellua 

Fig.  440. 


(fig.  440) ;  stigmM  nearly  sessile ;  ovules  solitary,  or  3  in  a  cell ;  fhiit  a 
nut,  1-celled  by  abortion,  woody  or  leathery,  more  or  less  enveloped  by 
the  involucre  (cupula),  containing  1  or  2  seeds  (the  rest  bein^  abortive), 
destitute  of  perisperra  ;  cotyledons  large  and  fleshy ;  radicle  minute,  supe- 

Illustrativk  Obnera. 

Tribe  1.  Ec-Cin'tlLiFERs.  Mak^floieers  uiitA  a  perianth,  femalr  prriatilh 
ii-lobfd;  otarjf  2S^elled ;  fruit  of  l-^i-ifedrd  nuii,  in  a  /tai-d  or  tfiick 
mpaU  or  involucre.    Quercus,  L. ;  Castanea,  Gartn. ;  Fagus,  L. 

Tribe  2.  Oorvlacejg.  Malt  fiuvxra  with  a  tingle  ii-ale,  femalf  perianth 
irregulartfi  iobed :  neary  l-erlled  wilh  2  pmdulom  oralri ;  fruit  a  n«l 
in  afoliaceeut  incolucrt,     Carpinus,  £.  j  Corylus,  L. 
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AWM^pt*  Ae. — Related  to  the  Urticacese,  but  differing  in  the  inferior, 
nuav-eelled  ovarj,  and  in  the  character  of  the  fruits  and  seeds.  From 
R^tolacee  and  Salicaceae,  to  which  they  are  closely  allied,  they  are  sepa- 
rated by  the  inferior 'position  of  the  ovary.  Bron$2;niart  indicates  an 
atfiaity  with  PomacesB.  Some  authors  separate  the  Oorylaceee  from 
Cupulifene  by  reason  of  the  achlamydeous  male  flowers  and*  of  the  leafy 
rupaleof  the  female  flowers  of  the  former.  In  the  Hazel  (Coiylua)  at 
tbe  time  of  floweriug  the  female  flower  consists  of  ovary  begirt  with  an 
adherent  and  scarcely  perceptible  calyx,  and  surmounted  by  two  styles. 
The  cells  of  the  ovary  with  their  ovules  do  not  appear  for  months  ajfter- 
irards.  The  pollen  is  generally  roundish  or  ovoid,  with  three  plaits.  The 
capole  of  the  Oak  seems  to  be  the  dilated  concave  end  of  a  branch  ;  the 
scales  represent  stipules.  The  maturation  of  the  acorns  takes  place  in 
one  rear,  or  not  until  the  second  year  after  formation.  The  rind  of  an 
a&)m,  chestnut,  or  beech-nut,  and  the  shell  of  a  filbert,  are  the  hardened 
ind  consolidated  calyx-tube  and  ovary  enclosing  the  (by  abortion)  soli- 
tarrseed. 


■ — A  large  group,  the  members  of  which  are  for  the  most 
part  natives  of  forests  of  temperate  climates. 

(hiaUtiM  and  UlMa. — Timber-trees  of  great  importance,  some  also  having 
edible  fruits ;  the  bark  and  other  parts  more  or  less  astringent.  Quercus, 
»  very  extensive  genus,  includes  Q.  Rohur,  British  Oak,  of  which  there 
tie  two  varietiea,  Q,  sesgiUfiora,  Durmast,  and  Q.  pednncuhxta,  Q,  Suher 
furnishes  cork,  ^^hich  is  a  thickening  of  the  cellular  layers  of  the  outer 
hark,  which  increase  year  by  year,  and  are  separated  by  deep-coloured 
peridRrm-eells.  The  outer  rough  cork  is  called  the  male  cork ;  the  inner 
fork-ceUs  near  the  liber  are  much  finer  and  constitute  what  is  called  the 
female  cork.  The  cork  is  removed  about  once  in  seven  years.  Q.  jEgilopi 
has  large  rough  cupules,  extensively  used  by  dyers  under  the  name  of 
Valonia ;  Q.  eoccifera  is  the  Kermcs  Oak ;  Q.  tinctoria  furnishes  Quer- 
eitron  Bark ;  Nut-galls  are  produced  by  the  attacks  of  an  insect  on  Q.  in- 
f^dnria ;  Q.  Ilejc  is  the  liolm  Oak,  or  Evergreen  Oak  of  our  shrubberies. 
Between  200  and  300  species  of  Qitercits  exist,  some  of  which  have  edible 
fruits.  The  leaves  of  Q.  numnifera  exude  a  sugary  substance ;  Corylus 
^v^Uma  is  the  Filbert  or  Hazel ;  Castanea  vesoa  the  Sweet  Chestnut ;  C, 
onvTicona  produces  a  smaller  nut;  Fagus  xylvaticaf  the  common  Beech, 
hu  a  valuable  hard  wood,  as  also  Carpinus  Bettdm^  th^  Hornbeam ;  and 
f)^r}fa  virgimca  is  called  Iron-wood  in  North  America.  Oil  is  obtained 
hy  pressure  from  the  seeds  of  the  Beech  and  the  Hazel ;  the  Nut-oil  of 
the  latter  is  largely  used  by  painters. 

Oabeyace-e.^ — A  small  Order  of  shrubs  of  North-west  America,  and 
having  amentaceous  inflorescence,  imisexual  flowers,  a  2-4-parted  perianth, 
definite  stamens,  and  a  1-3-celled  inferior  ovary,  with  2  pendulous  ovules ; 
«wda  with  a  minute  embryo  in  abundant  peiisperm.  They  diifer  from 
Hamamelidaceae  in  their  apetalous  flowers,  definite  stamens,  and  baccate 
frmt.  By  Bentham  and  Hooker  they  are  included  under  Comacess. 
They  are  also  allied  to  Gunnera  in  Andiaceee. 
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LOEANTHACEl/E.    The  Mistletoe  Oedbb. 

Coh,  SantalaleSy  Benth,  et  Hook, 

Diagnosis. — Shrabby  plants  with  leathery  greenish '  foliage,  parasitic 
(naturally  grafted)  on  trees ;  leaves  opposite,  exstipulate ;  flowers  perfect 
or  diclinous ;  perianth  adherent,  with  4-8  lobes ;  stamens  4-8,  superposed 
to  the  segments  of  the  perianth ;  ovary  inferior,  1-celled,  with  3  ovules 
pendulous  from  a  free  central  placenta,  or  1,  erect,  arising  from  the  base 
of  the  cell ;  fruit  succulent ;  seed  1 ;  embryo  in  fleshy  pensperm ;  radicle 
remote  from  the  hilum. — Illustrative  Genera :  Ktsciim,  Toumef. ;  Loranr 
thus,  L. ;  Myzodendron,  SoL 

'  AfflnltiM,  Ae. — These  remarkable  plants   are  distinguished  by  their 
peculiar  parasitic  habit    They  are  nearly  allied  to  Santalacese,  present- 
ing, like  that  Order,  a  naked  nucleus  as  the  representative  of  the  ovule, 
and  are  further  characterized  by  the  strange  extrusion  of  the  apex  of  the 
embryo-sac  before  or  after  fertuization.    Besides  the  curious  structure  of 
the  flowers,  they  have  an  anomalous  organization  of  the  wood,  which  has 
no  medullary  sheath  of  spiral  vessels,  but  contains  scalariform  tubes.  The 
germination  of  the  seeds  exhibits  some  interesting  phenomena :  in  Vtsattn 
the  seeds  adhere  to  the  young  shoots  of  trees  by  means  of  the  viscid  pulp 
of  the  fruit ;  in  Myzodtndron  there  are  long  feathered  processes,  which 
coil  round  the  branches  on  which  they  settle ;  in  either  case  the  eeeds  are 
retained  in  contact  with  the  surface  of  the  shoot  lipon  which  they  rest, 
where  they  germinate,  and  push  their  radicle  through  the  bark  down  to 
the  cambmm-layer,  with  wnich  they  contract  an  organic  adhesion  and 
become  grafted,  lust  as  a  bud  does  in  the  ordinarv  gardening  operation  of 
budding  Hoses,  &c.  According  to  Van  Tieghem  the  stamen  and  the  sepal, 
and  the  carpel  and  the  ovule  each  correspond  to  a  sinflrle  leaf^  the  one 
organ  being  a  deduplication  from  the  other.     The  male  flower  consists  of 
four  leaves  in  decussate  pairs,  each  polleniferous  upon  the  upper  face. 
In  the  female  flower  the  ovule  is  reduced  to  an  embryo-sac,  wnich  is  a 
cell  of  the  parenchyma  of  the  base  of  the  third  pair  oiT  bracts  or  carpels. 
The  embryo  of  Viscum  does  not  appealt  for  several  weeks  after  the  appli- 
cation  of  the  pollen.    Two  or  more  embrvos  occur  sometimes  in  one  seed 
and  become  united  together.    In  LorcmiiMS  no  trace  even  of  o^iile  is  ob- 
servable till  after  fecundation.    NuyUia  has  four  cotyledons,  or  perhaps 
two  deeply  divided. 

IHstrttmtloii. — ^A  large  Order,  of  which  some  are  European,  as  Visetm 
album  and  Loranthus  ewopeeus ;  the  majority  belong  to  the  hotter  parts 
of  Asia  and  America;  Myzodendron  belongs  to  the  temperate  parts  of  the 
southern  hemisphere. 

Qualities  and  Uses. — Some  of  the  plants  have  astringent  properties;  but 
the  most  important  product  perhaps  is  the  viscid  pulp  of  the  fruit  (^ 
Viscum  album,  which  is  used  for  maldng  bird-lime.  The  curiosity  attach- 
ing to  the  parasitic  habit  is  the  most  striking  feature  in  this  Order,  most 
of  the  plants  growing  like  our  conmion  Mistletoe,  Viscum  album]  this 
appears  capable  of  grafting  itself  on  a  wide  variety  of  trees,  beinv  most 
common  on  the  Apple-tree  with  us,  but  occurring  on  Thorns,  Willows, 
Limes,  Oaks,  Elms,  and  even  on  Fir-trees. 
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SANTALACEiH  (the  SAin)AL-wooD  Ordbb)  condats  of  herbs, 
shrubs  or  trees  with  entire  leaves;  the  4-5-cleft  perianth  vail  rate  in  the 
bud,  its  tube  adherent  to  the  ovary.  Stamens  superposed  to  the  lobes  of 
the  perianth ;  ovary  1-celled,  with  2-4  ovules  suspended  from  the  apex  of 
a  firbe  stalk-like  central  placenta,  arising  from  the  base  of  the  cell ;  the 
ifidehiscent  fruit  1 -seeded ;  seed  with  abundant  perisperm  filling  the  peri- 
carp; embxTO  straight;  radicle  superior. — Illustrative  Genera  :  T/tenum, 
L;  Oijfris,  L. ;  SatUalumf  L. 

AJBntties,  ftc — The  definite  pendulous  ovules,  consisting  of  a  naked 
naclffiis  attached  to  a  Aree  central  placenta  and  protruding  the  embryo-sac 
V'foiB  or  after  fertilization,  are  very  remarkable  and  striking  characters 
in  this  Order.  The  entire  seed  is  K)rmed  in  the  embryo-sac,  outside  the 
&D£l^u9.  Van  Tieghem  thinks  that  the  stamen  is  not  autonomous,  but  is 
a  production  from  the  sepal  He  also  thinks  that  the  placenta  is  a  dedu- 
plieation  from  the  ovary,  and  that  the  ovule  is  the  termination  of  one  of 
tb^e  appendages,  one  for  each  of  the  three  carpels.  Baillon  considers  that 
t]ie  perianth  of  Thesium  and  Santalum  is  a  cormla  by  reason  of  the  simulta- 
ZKOufl,  not  succeasive,  evolution,  &c.  The  '*  calycode ''  is  an  expansion  of 
the  recentade.  The  nearest  relations  are  probably  with  the  Loranthaceeer 
which,  noweveT,  differ  in  habit,  being  stem-parasites,  and  having  less 
cdfflplete  and  sometimes  imperfect  fiowers.  Thesiwn  is  partially  parasitic 
on  the  roots  of  other  plants.  There  is  a  more  remote  relation  to  Olacaceffi 
and  allied  Orders  in  the  perianth  and  ovule. 

IHitrflmtksii. — ^A  small  Order;  the  European  and  North-American 
species  ar^  inconspicuous  herbs ;  in  India  and  Australia  they  are  shrubs 
or  small  trees. 


QmUUm  and  Usm. — Sandal-wood,  the  wood  of  Santalum  album,  is 
perhaps  the  best-known  production  of  this  Order.  The  seeds  of  the 
Qoandang  Nut  (^Fuaanus  acuminatus)  are  eaten  like  almonds  in  Australia. 
Some  species  are  astringent 

BALANOPHORACELE  are  root-parasites  with  amorphous  fungoid 
Etc-ms,  destitute  of  leaves,  never  green,  with  fleshy  subterraneous  rhizomes 
or  tubers,  and  naked  or  scaly  peduncles  bearing  spikes  of  flowers ;  flowers 
mostly  unisexual ;  male  flowers  conspicuous,  with  a  tubular  entire,  slit, 
or  3-^lobed  perianth,  valvate^in  the  Dud ;  stamens  usually  3-6,  more  or 
less  connate,  or  distinct ;  female  flowers  very  minute ;  perianth  with  the 
tube  adherent,  and  mostly  without  a  Hmb,  or  2-lipped ;  ovary  inferior, 
mostly  1-celled ;  styles  2 ;  ovule  solitary,  pendulous ;  fruit  a  small,  com- 
pressed, I-seeded  nut ;  seed  with  hard  granular  perisperm  and  a  lateral 
amorphous  embryo. — Illustrative  Grenera :  Balanovhora,  Forst. ;  Cifnomo- 
rwm,  MicheL  ;  iarcopkyte^  Sparrm. ;  Helo$i$,  liicL 


AffinW— ,  Aoy — ^The  peculiar  parasitic  habit  and  fungoid  texture  of  the 
P^Qtd  of  this  and  the  two  succeeding  Orders  have  induced  many  authors 
to  ttparate  them  from  all  other  Flowering  plants  as  a  distinct  class ;  but 
^  monds  of  this  separation  seem  untenahle :  parasitism  occurs  in  plant8 
of  the  most  varied  structure,  and  this  character  of  habit  is  not  even  of 
ordioal  value.    The  structure  of  the  stems  of  Balanophoraceas  is  merely  a 

2a. 
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degraded  form  of  the  Dicotyledonous  type ;  and  the  flowers  are  in  like 
manner  provided  with  all  the  real  essentials  of  the  Phanerogamous  struc- 
ture, since  the  acotyledonous  embryos,  upon  which  stress  has  been  laid, 
occur  in  OrobanchacesB,  Orchidacess,  and  yarious  other  Orders.  The 
vascular  tissue  of  the  parasite  is  continuous  with  that  of  the  host-plant. 
Stomata  and  hairs  are  alike  scarce  in  these  plants.  Hooker,  who  has 
elaborately  inyestigated  this  Order,  regards  them  as  having  affinity, 
in  their  floral  structures,  to  the  HaJoragaceie,  where,  as  in  MtppunSj  we 
find  in  plants  not  parasitic  a  reduction  of  the  parts  of  the  flowers  as  oom- 

Slete  as  that  in  O/nomorium.  They  are  closely  related  to  Gunnera ;  but 
iflbr  in  their  parasitic  habit,  absence  of  leaves,  &c.  The  ovule  of  these 
plants  is  generally  reduced  to  a  unicellular  nucleus,  and  that  nucleus  desti- 
tute of  coats. — Iney  occur  on  the  roots  of  various  Dicotyledonous  trees, 
chiefly  on  the  moiuitains  of  tropical  countries,  especially  the  Andes  and 
the  Himalayas ;  a  few  occur  at  the  Cape  and  other  parts  of  Afirjca,  and 
some  in  Australia.  Cynomorium  is  found  at  Malta,  North  Africa,  the 
Levant,  and  the  Canary  Islands. 

Qualities  snd  UseSi — Many  of  the  plants  seem  to  have  styptic  qualities ; 
Cynomorium  coccineum  was  formerly  highly  valued  by  surgeons  for  this 
purpose,  under  the  name  of  Fungus  melitensia.  lie  radicle  is  directed  up- 
wanis  in  germination  (Weddell).  Some  have  a  very  disagreeable  odour, 
others  are  eaten  like  Mushrooms. 

Oytinace^  are  root-parasites  of  fungoid  texture,  with  flowers  perfect 
or  monoecious,  solitary  and  sessile  or  clustered  at  the  end  of  a  scaly 
stem ;  periantn  tubular  at  the  base,  d-6-parted  above,  andrcecium  colum- 
nar, connected  by  four  septa  with  the  base  of  the  perianth ;  anthers  in  heads, 
each  surmounted  by  a  subulate  connective  and  opening  by  slits ;  ovsry 
inferior,  surmounted  by  a  style  which  has  four  lobes  at  the  base  super- 
posed to  the  perianth  segments;  ovules  very  numerous,  growing  over 
8  branching  parietal  placentas,  generally  with  only  one  coat;  firuit  a 
1-celled,  many-seeded  berry;  seeds  imbedded  in  pulp,  perispermic  or 
aperispermic ;  embryo  amorphous. — Cytinus  hypocistis  (South  Europe)  is 
parasitic  upon  the  root«  of  Cistus,  ana  has  unisexual  flowers;  Hyanoray 
a  Cape  plant,  growing  upon  fleshy  JSuphorbia  and  other  succulent  plants, 
has  hermaphrodite  flowers.  Except  in  habit,  they  have  very  little  con- 
nexion witn  the  Balanophoracese ;  and  from  Kamesiaoeie  the^  differ  in 
the  3-merous  structure  of  the  perianth  and  the  lon^tudinal  dehiscence  of 
the  anthers.  In  Hydnora  the  ovule  is  immersed  m  the  structure  of  the 
placenta,  as  the  buds  of  some  species  of  Ormthogaktm  in  the  leaf.  These 
plants  are  supposed  by  some  writers  to  have  a  connexion  with  the 
Monocotyledons  through  Bromeliacen. — Cytinus  has  astringent  qualities; 
Hydnora  africana,  which  has  a  putrid  smell,  is  roasted  and  eaten  by  the 
African  natives,  and  is  also  used  for  tanning  purposes. — Genera :  Cytinugf 
Hydnora^ 

RAFFLESIACE-^  are  paraaites  of  fungoid  structure,  without  stems 
or  leaves ;  the  flowers  solitary,  sessile  upon  the  branches  of  trees,  sur- 
rounded by  scales,  {perfect  or  dioecious;  perianth  5-10-parted,  with  a 
circle  of  scales  or  a  ring  in  the  throaty  antners  2-celled|  and  opening  hj 
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diitiiKt  pores,  apon  a  salTer-ebaped  or  Bubg-lobose  cohimn  adhering  t«  the 
p^risntlt,  DmuerouB,  distinct  or  connate,  or  concentricallj  many-celled 
v:tb  ■  cnmiuoD  por« ;  ovules  Teiy  numerous,  growing-  all  over  the  parietal 
plaooitas  of  the  1-celled  ovarj ;  fruit  od  iodehiscent  pericarp,  with  a 
ncit  Domber  of  periBpennic  or  aparispermic  seeds  with  an  undivided 
FiibiTO.— ninstratiTe  Genera:  Baffietia,  R.  Br.  i  Smria,  Griff.;  Pila- 
Mt,Qu.m. 

Some  of  the  Raffle«acen  occur  pantffitjc  upon  spedes  of  Cittu»  in 
ihr  Eut  Indies,  others  on  Leguminous  plants  in  South  America.  They 
differ  from  Cytinacese  in  the  absence  of  a  stem,  the  5-meroiis  pen- 
•fltfa,  and  the  porous  anthers.  Thej  are  sometimes  regarded  as  related  to 
i1h  Arigtolochiaceffi.  Raffitria  Arnoldi,  a  plant  of  Sumatra,  is  a  wonder* 
ful  object,  consisting  of  a  gigantic  flower  of  fungoid  texture,  measuring 
'1  feet  acroaa,  and  weighing  14  lbs.,  emitting  in  decaj  a  smell  like  pu- 
tRMcot  fleish.  This  and  other  apocies  Beam  to  have  stjptic  and  astnn- 
emt  propertiee. 


AEISTOLOCHIACKE.    Thr  Bihth-wobt  Okdee. 


Fig.  443. 


DiagnotU. — Climbing  sbmbs  or  Fig.  441. 
low  herbs,  with  perfect,  r^ukr 
or  irregular  flowers ;  the  cod- 
spicaoua  single  tubular  perianth 
(tigs.  441,  442)  (valvat«  in  the 
bid)  adherent  below  to  the  6- 
fslled  ovary,  which  becomes  a 
mHir-eeeded  6-celled  capsule  or 
^TTj ;  stamens  6-12,  more  or 
Ufi  adberent  to  the  stvie  (fig. 
^) ;  anthers  adnate,  eitrorse ; 
otiiles    numerous  ;     seeds    peri-       , 

spermic ;  embryo  minute — Illus-  p^ 

tr»titeGeneraMsamm,Tournef.;  Ii'-*S-XT"'^^J" 
Jnrto/orAia,  Toamef.  F^.m  0«,-d-«.. 

Uittlw,  feo.— The  apparent  stipules  of  this  order  are  the  first  leaves 
of  n  ondeveloped  bud.  The  six  carpels  are  superposed  te  the  stamens, 
ud  it  has  been  said  that  the  styles  are  onlj  outgrowths  from  the  back  of 
the  munena.  The  temarj  structure  of  the  flowers  of  this  Order,  together 
*idiu  aberrant  structure  of  the  wood,  which  presents  no  concentric 
m^  Kenu  to  indicate  that  these  plants  have  aiSnitiea  to  such  Mono- 
i^tfledonous  Orders  as  Uioscoreoceie,  Aroideffi,  and  TaccacoK,  although 
"^  (re  reallj  Dicotyledonous.  Their  more  immediate  relationships  are 
'Wnn;  most  anthors  connect  them  nearly  with  Nejpenthaceie,  the 
'*"■""    •     '■  '  ......    ...1.  _  ,     Tbey  have  many 


•finiliM  of  which,  again,  are  not  clearly  m'ade  out. 
I'liiiictera  in  common  with  Santalaceffi.  Their  atan- 
^h,  Jli«iingniHh  them  &om  all  other  Monochlamydf 


,  adherent  U 
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DfaMImtloii. — A  ttu^  Order,  the  sneciea  of  which  an  geneTSUy  dif- 
fused ;  most  uumeKUB  in  tropical  Soutn  America. 


■  and  nNi, — Same  of  theie  plants  hare  enjoyed  coiuddermble 
reputation,  having  pungent,  aromatic,  and  stimulant  qualities.  Tlie  jirit- 
tolnehia  take  their  name  from  the  roota  of  A.  Clematttii,  longa,  rotunda, 
and  others  being  used  as  emmenajtogueB.  A.  Serjientaria,  VirgTiiiflD 
Snake'root,  is  one  of  the  manj  Bo-called  specifics  for  Snake-bites,  and  it 
is  stomachic  and  tonic.  It  is  worth  notice  that  several  species  of  Jlriti- 
lotochia  in  different  countries  are  considered  by  the  natives  Taluablf 
remedies  in  cases  of  snake-bite.  Atamm  europavm,  Asarabacca,  ta  acrid : 
its  leaves  were  formerly  much  u«ed  in  a  snuff  emplored  in  afit>cttoii8  of 
the  eyes.  Some  of  tiiese  plants  are  very  handsome  climbers,  w-itb  larfm 
cordate  leaves  and  striking  helmet^haped  flowers ;  those  of  Ar-ittoloehia 
eordata  are  large  eaough  to  be  used  as  caps  by  the  Indian  boys  in  the 
Brazilian  woods.    The  Weet-Afiican  A.  QolJieana  is  equally  large. 


SuBOLAsan.  OTMNOSPERMIA. 


B  plants,  with  achlamydeous  unisextial  flowers  ar- 
ranged in  spikes,  the  male  flowers  consisting  of  antheriferous  scales 
serially  continuous  with  the  leaves  and  collected  in  deciduous  catkins. 
Pollen-^:rains  dividing,  prior  to  the  emission  of  the  pollen-tube,  into 
secondary  cells.     The  female  flower  Kg.444. 

consists  either  of  open  carpels  (fig.  ^  . 

444,    a),    bearing    naked     ovules,  >  --^^ 

standing  in  the  axil  of  a  bract,  and 
arranged  in  persistent  cones,  or  of  PQ 

naked  terminal  ovules  surrounded 
by  a  few  scales  ;  seeds  perispermic. 
The  endosperm  in  the  embryo-sac 
is  formed  previous  to  fertilization, 
and  produces  corpuscula  or  arche- 
gooia.  Embryo  bearing  2  cotyle- 
dons, which  are  simple  or  divided 

into  several  lobee — a  whorl  of  4  or  A,,ip,iofi'BiM  (a, ,._,._ 

more  cotyledons  (fig.  444,  E)  accord-       f^i'SS.'^^i^d'rtw'Srf' 
ing  to  some  authors.  H^d);  D.'ie  '"       '  -        -"-— 

grrrniMtinf 

The  members  of  this  group  are  remukable  as  forming  a  bond  of  ui 


eTMlfOSPEBMIJi.  357 

ii  BUD  J  importBiit  parts  of  their  oiganization,  between  the  Angiospermous 
PliaDerogams  and  the  higher  Ciyptogams;  and  this  applies  in  some 
degree  to  their  histological  as  well  as  to  their  morphological  construction, 
rae  OTcadaoeee  have  the  habit  of  Palms,  or  of  arboresoent  Ferns ;  their 
lerdle  foliar  oigaos,  or  stamens  and  carpels^  resemble  in  Cyc€u  the  fertile 
LATes  of  FeroB :  in  Zamia,  as  in  Pinacese,  the  carpels  approach  nearer  to 
the  condition  of  the  carpels  of  Angiosperms,  but  are  flat  or  open. 

The  structure  of  the  female  flower  has  been  a  subject  of  much  controversy 
among  botanists ;  the  account  above  given  is  that  which  is  on  the  whole 
Uie  most  generally  adopted,  though  it  should  be  stated  that  many  botanists 
re^zard  the  oater  investment  of  the  ovule  as  an  ovary  (Strasburger, 
Bvllony  Sperk),  in  which  latter  case  the  scale  supportingit  would  have 
iDore  of  the  nature  of  a  branch  than  of  a  foliar  organ.  The  reasons  for 
coDiddering  the  reproductive  bodies  as  naked  ovules  and  not  ovaries  are 
tfaizs  summed  up  by  Alph.  de  Candolle : — ^i.  The  mode  of  development  is 
obGtrifngal  as  in  ovules,  not  centripetal  as  in  [most]  ovaries ;  ii.  The  seeds  of 
some  Coniiers  (Podocarpua)  are  anatropal,  a  position  unknown  in  ovaries ; 
iii.  The  insertion  is  that  of  an  ovule  and  not  of  an  ovarv.  To  this  it  may 
be  added  that  the  structure  and  airangement  of  the  tissues  in  the  scale 
mpporting  the  ovules  are  more  akin  to  those  of  a  leaf  than  to  those  of  a 
bnneh.  Anatomical  investigation  shows  that  while  in  Cycads  the  ovules 
Ob  borne  on  the  sides  of  a  scale  originating  directly  from  the  axis,  in 
(.Conifers  the  omligerous  scale  is  the  production  of  an  abortive  secondary 
bnoch  originating  in  the  axil  of  a  primary  scale. 

The  aiguments  in  favour  of  the  Angiospermous  character  of  Conifers  and 

their  allies  are  thus  summed  up  by  Strasourger : — i.  The  female  flowers  of 

Cm/era  and  Gfnetacete  are  metamorphosed  buds.    ii.  Each  flower  consists 

of  an  ovary,  destitute  of  anv  distinct  perianth,    iii.  The  single  envelope 

of  the  flower  of  Ccmifer<B  is  homologous  with  the  outermost  of  the  three 

siunounding  the  ovule  in  QnetacetBj  which  latter,  being  homologous  with 

the  carpels  of  Angiosperms  ^nerally,  must  itself  be  considered  as  an  ovary. 

ir.  This  ovary  oontams  a  smgle  ovule^  which  is  naked  (consisting  of  the 

aoeleus  only)  in  all  Conifera,  whilst  m  QnetacecB  it  is  protected  oy  two 

coats.    V.  The  integuments  in  Onetacea  are  homologous  with  the  ovular 

integuments  in  the  higher  Phanerogams,    vi.  These  envelopes  must  be 

looked  upon  as  foliar  productions,  both  in  Conifera  and  Qnetacea,    vii. 

The  nucleus  of  the  ovule  is  formed  by  the  extremity  of  the  floral  axis. 

viii.  In  both  Conifera  and  OnetacecB  the  ovary  is  formed  by  two  carpellary 

leaves^  Which  are  primitively  distinct,  but  by  the  subsequent  growth  of 

thttr  Iwsal  portion  they  form  a  tubular  structure  below ;  in  some  rare 

cases,  however,  they  seem  from  the  first  to  be  completely  united,  ix.  The 

OTular  coats  of  the  Gnetacea  are,  without  exception,  equally  developed 

all  round  the  ovules ;  each  of  them  corresponds  to  a  single  leaf.    x.  Any 

foliar  formation,  such  as  makes  its  appearance  in  many  Conifera  between 

pibexistiog  leaves  (as,  for  instance,  tne  fructiferous  scale  in  AbietineiB  or 

the  cupule  in  Tojcacea),  is  a  disk  or  outgrowth  of  the  axis ;  there  are 

lio  each  organs  in  Onetacea,    Professor  Strasburger  considers  the  term 

(ivnmosperms  to  be  inappropriate ;  but  as  Taxads,  Cycads^  ComferSj  and 

Ondads  differ  from  other  Phanerogams  in  having  ''  corpuscles ''  instead 

of  genninal  vesicles^  the  terms  Archtgpertns  and  Metasperma  as  substitutes 
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for  those  of  Gymnosperms  and  Angiosperms  respectiyely  have  been  pro- 
posed. The  embryo-sac,  correspoDdinff  to  the  macrospore  of  bigrher 
urvpto^ms,  becomes  filled  with  celliuar  tissue  fomung  an  endosperm, 
which  IS  absorbed  after  a  time  in  the  cases  where  the  seed  takes  two  years 
to  ripen,  and  is  re-formed  the  following  spring.  The  formation  of  the 
ai'chegonia  or  corpuscula  will  be  subsequently  alluded  to.  After  fertili- 
zation the  corpusculum  develops  into  a  pro-embryo,  from  the  extremity  of 
which  the  emoiyo  proceeds.  Hnacess  and  Taxace»  affree  with  Dicoty- 
ledons in  habit ;  but  the  foliage  of  the  latter  approacnes  that  of  Ferns, 
while  there  are  relations  between  their  inflorescence  and  that  of  the 
LycopodiacesB ;  Gnetaceie  approximate  to  CasuarinacesB  and  Chloran- 
thacese  in  habit ;  and  perhaps  Ephedra  may  be  compared  with  JSqui9ttum. 
The  pollen  corresponds  to  tne  microspores  of  SelagineUoj  the  division  of 
its  ceils  corresponding  to  the  male  prothallus  of  those  plants. 


PINACE^  OB  CONIFEE^.    The  Pdtb  Oeder. 

Order  Conifers,  Bentk,  et  Hock, 

Diagnosis, — Trees  or  shrubs,  of  exogenous  structure  (see  post\ 
mostly  with  evergreen,  linear,  needle-like  or  lanceolate  leaves, 
sometimes  tufted,  sometimes  imbricated,  monoedous  or  dioecious  ; 
the  female  flowers  in  cones,  consisting  of  imbricated  scales  or  open 
carpels  arising  from  the  axils  of  bracts,  and  bearing  (figs.  4^  a 
&  445)  2  or  more  ovules  on  the  upper  face ;  fruit  a  woody  cone 
(fig.  309,  p.  152)  or  a  succulent  berry  formed  by  coherence  of  a  few 
fleshy  scaJes  {galhulus), 

Illustrativb  Gbnera. 


Suborder  1.  ABiKXiNKfi.  Ovules 
inverted^  with  the  micropyle  next  the 
hose  of  the  carpel ;  pollen  oval, 

Piuus,  X. 
Abies,  Tournef, 
Araucaria,  Juss. 


Subord.  2.  Cupressinils.  Ovviti 
erectf  with  micropyle  stiperior;  pol- 
len  spheroidal, 
Juniperus,  L, 
Thuja,  Tournef, 
Cryptomeria,  Don. 
Cupressus,  Tournef. 
Taxodium,  L.  C,  Mich. 

AAnlttM,  ao. — The  above  diagnosis  ^ves  the  essential  character  of  this 
Order,  which,  however,  deserves  a  little  detailed  notice,  on  account  of  the 
modifications  occurring  in  the  different  genera,  as  well  as  on  account  o( 
the  difficulties  which  the  structure  of  the  inflorescence  may  present  to 
the  student. 

AmoiMp  the  Abietinea,  in  the  conunon  Scotch  Fir  {Pinus  sylvestris)  tbe 
male  inflorescence  appears  in  the  form  of  a  compound  spike,  each  branch 
of  which  consists  of  a  number  of  anthers  arranged  in  a  catkin ;  each  anther 
is  represented  simply  by  a  scale,  arranged  like  the  leaves,  having  8 
parallel  pollen-cells,  one  upon  each  side  of  a  connective  which  is  produced 
mto  a  little  tongue  beyond  the  poUen-ceUs  (fig.  447),  and  resembling  ^e 
scales  of  JEquisetum,    By  A.  Braun  the  entire  male  inflorescence  was  con- 
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sdered  as  a  single  flower.  The  nature  of  the  pollen  is  further  explained 
b  the  phTsiological  part  of  this  work.  The  female  inflorescence  consists 
of  a  cone,  composed  of  single  carpellanr  scales,  each  seated  in  the  axil  of 
•  membranous  bract,  the  whole  spirally  arranged  round  the  axis ;  each 
cxr^  possessing,  on  the  upper  face  at  the  base,  2  naked  ovules,  with  their 
punts  directed  towards  the  base  of  the  carpel.  In  other  Abietine€B  the 
stuneoB  are  more  complex :  in  Cunnrnghanna  the  anther  is  S-ceUed ;  in 
Armcaria  maay-celled,  the  loculi  consisting  of  free  tubular  bodies  attached 
br  their  apices  to  a  thickened  connective  at  the  upper  end  of  a  eJender 
fikment  The  condition  of  the  carpels  also  varies,  Arauearia  and  Dammara 


Fig.  445. 


Ilg.  446. 


Fig.  447. 


Fig.  44S.  Open  oupel  of  fViHtt,  with  two  naked  omle*  at  the  boM. 

Fi|^  446.  Winged  seed  of  Pine. 

Fif .  447.  Anther-benring  wale  of  JVaiM. 

Uiing  but  1  ovule^  Cunninghamia  3,  and  other  genera  more.  A  diversity 
>lx)  appears  in  the  cones,  from  the  different  ways  in  which  the  carpels  are 
developed ;  in  Pinus  sylvestris,  and  many  others,  the  upper  ends  become 
thickened  into  woody  heads  {apophyses)  meeting  in  a  valvate  manner, 
fonning  the  ^  tessellse  **  of  the  continuous  surface  of  the  unopened  cone, 
while  in  Abies,  Cunninghamia,  &c.  the  upper  ends  of  the  ripe  carpels 
overlap  in  an  imbricated  manner.  The  bracts  are  obviouslv  serially  con- 
tinuous with  the  leaves  of  the  branch,  but  the  scales  within  the  bracts 
jttve  been  the  subject  of  much  controversy.  The  generally  adopted  view 
id  that  they  represent  two  leaves  fused  together  and  producea  from  a 
coatracted  or  undeveloped  branch  axillary  to  the  bracts.  Bronniiart 
oooodered  the  scale  as  produced  by  an  enation  or  choiisis  from  the  bract. 
According  to  him,  in  the  cones  of  CupressinetB  there  are  bracts  and  no 
Bctlea;  in  those  of  AhietinetB  the  bracts  are  split  to  the  base  so  as  to 
form  a  bract  and  a  scale  superposed  to  it ;  while  in  Aranicaria  the  cone 
coDostB  of  bracts  only  partially  split 

In  Cupressmeaf  the  stamens  of  Cupresaus,  JuniperuSj  TTiufa,  &c  are 
peltate,  with  several  loculi  under  the  overhanging  connective ;  and  the 
^sa^h  representing  the  female  flowers  have  in  Thuja  2  ovules,  in 
(^ffenus  many,  in  Jumperus  2  or  only  1  erect  ovule  at  the  base ;  in 
<^n9«rw  the  carpels  ripen  into  fleahy  structures,  cohering  together  so  as 
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to  form  a  kind  of  berry ;  in  CaUitris  the  cone  is  of  globose  form,  and 
composed  of  4  peltate  scales,  the  apophyses  of  which  meet  in  a  valTate 
manner ;  the  same  is  the  case  with  a  greater  number  of  valves  in  Cuprestut^ 
while  Thi^ja  has  the  scales  more  mstinctly  imbricated,  but  still  with 
thickened  apophyses^  which  meet  in  a  valvate  manner  (like  those  oiPimtt 
sylveMria), 

The  curious  fasciculate  arrao^ments  of  the  leaves  of  PtMts,  where 
2,  3, 4;  or  more  occur  toother,  with  a  common  membranous  sheath  at  the 
base,  offer  valuable  distmctive  characters  for  the  species.  It  is  probable 
that  these  So-called  leaves  are  more  properly  to  be  considered  as  shoots, 
as  in  Sciadopitys,  Their  anatomical  structure  has  lately  formed  the 
subject  of  examination  by  Bertrand,  McNab,  and  others. 

The  affinities  of  the  Pinaceffi  are  with  Dicotyledons  by  their  liabit  of 
growth,  although  there  is  an  essential  difference  in  the  internal  structure 
of  their  organs ;  the  inflorescence  of  this  and  of  the  associated  Orders  is 
perhaps  more  highly  organized  than  that  of  the  Cycads,  and  is  connected 
with  JPhanerogams,  on  the  one  hand,  by  the  presence  of  distinct  stamens 
and  carpels,  the  latter  producing  a  perfect  seed;  while  the  nature  of 
the  processes  taking  place  in  the  development  of  the  embryo  (described 
in  tne  Physiological  Part  of  this  work)  indicates  a  close  approach  to 
the  conditions  which  are  met  with  in  the  higher  Cryptogams,  especially 
Selagindla,  The  leaves  usually  persist  often  for  years.  In  JTuija,  TaJ>- 
odium  distichunif  and  some  others,  the  extremities  of  the  branches  fall 
with  the  leaves. 

Dlstrltmtion. — A  considerable  Order  even  in  point  of  numbers,  its  re- 
presentatives are  met  with  in  all  parts  of  the  world ;  the  species  of  PhniSf 
AbieSj  and  Taxodium  growing  socially,  form  characteristic  forests  in  the 
northern  hemisphere.  They  are  represented  in  PalsBOzoic  as  well  as  in 
all  the  more  recent  formations. 


QoaUtles  and  UMfc — Most  valuable  as  timber-trees  and  as  sources  o( 
important  resins  (turpentine,  pitch,  &c.)  used  in  the  arts,  and  aromatic 
oils  and  balsams  having  medicmal  properties. 

PinuB  includes : — P.  sylvestris.  the  Scotch  Fir  (North  Europe) ;  -P.  iV- 
naster,  the  Cluster-pine,  a  less  naidy  tree ;  P.  palmtris,  the  Swamp-pine 
of  Virginia ;  P.  Ttpda,  the  Frankincense-pine.  Fintu  DrmonttanOf  P. 
Lambertiana,  P.  Strohus,  &c.  are  other  very  valuable  timber-trees,  attain- 
ing a  height  of  upwards  of  200  feet  Pinus  PineOy  the  Stone-pine  of  the 
south  of  Europe,  has  edible  seeds.  Abies  includes : — the  Norway  Sproc^ 
A.  excelsa'y  tne  Silver-Fir,  A.  pectmata;  Abies  balsamea,  Balsam-of- 
Gilead  Fir,  and  A,  canadensis^  Hemlock  Spruce,  both  North-American* 
CedrfiSf  a  subgenus  of  Abies,  includes  the  Cedar  of  Lebanon  (Abies  Cedms 
or  C  Libani)f  and  the  Deodar  (C  Deodara),  which  is  supposed  to  be 
merely  a  variety  of  the  last  named.  Larix,  another  subgenus,  includes  the 
European  (Abies  Larix  or  Larix  europtpa)  and  other  Larches,  characterized 
by  deciduous  foliage ;  Araucaria  includes  the  enormous  Chilian  Pine  (A> 
imbricata)  and  the  Moreton-Bay  Pine  (A,  BidwiUii).  Eutassa  exeelsa  is  the 
celebrated  Norfolk-Island  Pine.  Dammara  australis  is  the  Cowrie  Pins 
of  New  Zealand ;  Z).  orientalis  the  Dammar  Pine  of  India.  Sequoia  (or 
WeUmgtonia)  gigantea  is  a  Calif  omian  Pine,  attaining  a  height  of  o60feet ; 
Microcachrys  tetrayona  is  the  Huon  Pine  of  Tasmania. 
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is  beat  known  in  this  countiy  bj  the  common  Jnniper  shrub, 
/.  mlfforisy  or  by  the  cultiyated  Savine,  J.  Siabina ;  but  the  species  of  other 
cutintiies  are  more  important;  as  J,  hermudiana  and  J,  mrginianay  the 
•'Bed  Cedars,"  the  aromatic  wood  of  which  is  used  for  cabinet-making 
acd  for  blacklead  pencils ;  J.  Oxycedrus,  a  Mediterranean  species,  forms 
dso  good  and  durable  wood.  Thuja  occidentalis  and  orientalis  are  the 
Arbor-ritsB  trees  of  our  shrubberies;  Cryptomeria  is  now  introduced  also 
from  Japan ;  Cupressus  sempervirens  is  the  common  Cypress ;  CaUitris 
fadrivtuvis,  the  Arar-tree  of  North  Africa,  has  odoriferous  and  durable 
wood;  C\  inutralu  is  the  Oyster-Bay  Pine  of  Australia.  Taxodium 
dutiehum  is  tbe  Deciduous  Cypress  of  the  United  States,  and  characterizes 
the  Cypre6&-swamp8  of  the  Southern  States. 

Among  tbe  above,  turpentine,  resin,  and  pitch  are  deriyed  from  many ; 
iraportant  kinds  of  resin  are : — common  turpentine,  resin,  pitch,  and  Bur- 
^DndT  pitch,  from  iYniM  tylvestris ;  Venice  turpentine  from  the  Larch ; 
^tns\>urg  turpentine  from  Abies  pectinata;  Bordeaux  turpentine  from 
P.  Pinagter  &c. ;  Canada  Balsam  from  Abies  balsamea  and  A  canaderms ; 
Saodarac  from  CaUitris  quadrivalvis  \  Gum-Dammar  from  Dammara 
mutralU,  &c.  The  berries  of  Jumperus  vulgaris  are  aromatic,  and  are 
112^  for  flavouring  gin ;  they  are  diuretic ;  J.  Sabina  has  still  more  active 
diuretic  properties ;  and  Cupressus  and  Thuja  appear  to  have  poisonous 
qualities.  The  large  seeds  of  many  other  Pines,  besides  the  Stone-pine,  are 
^aten  locally,  in  a  fresh  state,  as  of  Aj'aucaria  imbficata.  A,  Bidwilli,  &c. 
The  bark  of  the  Larch  has  been  used  to  check  profuse  expectoration  and 
internal  hsemorrhage. 


TAXACE^.    The  Yew  Obdeb. 

CHaas  Coniferse,  Bndl.     Class  Gymnogens,  Lindl. 

Diagnosis. — Trees  or  shrubs  with  narrow  rigid  leaves  or  broad  leaves 
fphyflodes,  leaf-like  shoots  P)  with  forked  nerves,  imisexual  naked  flowers, 
surrounded  by  imbricated  bracts,  the  male  several  together,  each  composed 
of  one  or  several  coherent  anthers,  the  female  of  a  solitary  naked  ovule, 
terminal  or  in  the  axil  of  a  bract ;  the  seed  usually  surrounded  by  a  suc- 
culent coat. — Illustrative  Genera :  Taxus^  L. ;  Poaocarfms,  L'H^r. ;  Da- 
ayduan^  SoL  ;  PhyUocladus,  L.  C.  Hich ;  Cephalotaxus,  Zucc. ;  SaUsbwia, 
Sm. 

Iflnlticfl*  ftob — ^The  relations  of  this  group,  sometimes  regarded  as  a 
Suborder  of  the  I'inaceae,  are  the  same  as  those  of  that  order;  and  from 
it  these  plants  differ  chiefly  in  the  solitary  ovule  that  replaces  the  cone. 
It  must  be  admitted,  however,  that  these  plants  with  their  solitary  terminal 
ovule  (Taxus,  Tvrreyd)  favour  the  notion  that  the  outer  covenng  of  the 
Ducleiia  is  ovarian  not  ovular,  for  there  is  nothing  like  an  open  carpel,  and 
the  two  lips  of  the  outer  envelope  decussate  with  the  two  upper  leaves  of 
tbe  branch,  which  seems  to  indicate  their  ovarian  origin.  The  leaves  of 
StMmria^  and  in  a  less  degree  those  of  other  genera,  are  very  similar  to 
those  of  Ferns ;  and  the  stamens  of  Toxva  closely  resemble  the  sporan^en 
uf  Epniseium,  The  cotyledons  of  Saiisburia  are  fleshy,  and  in  germinating 
do  not  escape  from  the  seed.     Torreya  has  ruminate  perisperm. 
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DlstrflmtiaiL — A  Bmall  group,  the  members  of  which  inhabit  temperate 
regions  generally,  or  mountains  in  the  tropics. 

Qualities  and  Uaei. — Agreeing  in  general  with  Pinaoeie ;  Podocarpus^ 
Dacrydium,  Taxus  (Yew),  &c.  yield  valuable  timber.  The  leaves  of  the 
Yew  are  poisonous ;  but  the  pulp  of  the  berries  does  not  appear  to  share 
this  property.      The  fruits  of   SaUshuria  adiantifoUa  are  resinous  and 

astringent. 

GNETACE^  are  small  trees  or  shrubs,  usually  with  jointed  stemF^ 
opposite,  simple  net-  or  parallel-ribbed,  or  minute  and  scale-like  leaves, 
and  unisexual  (rarely  hermaphrodite)  flowers  in  catkins  or  heads ;  anthers 
2-d-celled,  opening  by  pores ;  female  flower  naked,  or  with  two  more  or 
less  combined  scales,  surrounding  1  or  2  naked  ovules  (?) ;  seed  succulent; 
embryo  with  two  cotyledons,  in  uie  axis  of  fleshy  perisperm. — ^Illustrative 
Genera :  £phreda,  L. ;  Gnetum,  L,  \  JFeiwitschut,  Hook.  f. 

AAnltiM,  fto. — ^This  Order  is  chiefly  interesting  as  furnishing  a  link  to 
connect  the  Conifers  with  the  Dicotyledons,  if  the  plants  be  considered  to 
have  a  truly  Gymnospermous  organization  of  the  flower  (a  view  stroo^l j 
contested  by  Strasburger  and  others),  while  in  general  structure  Ephedra 
approaches  to  Casuarina,  and  Gnetum  to  Chloranthus.  They  are  destitute 
of  the  resin  so  characteristic  of  Conifers.  The  ovule  presents  the  curious 
peculiarity  that  a  third  integument,  immediately  investing  the  nucleus, 
grows  out  into  a  long  process  like  a  style,  and  which  projects  from  the 
loramen  of  the  outer  coat.  Wdwitschia  mirabilx$  (fig.  44d),  a  native  of 
desert  regions  in  South-western  Tropical  Africa,  where  it  was  discovered 
by  the  botanist  whose  name  it  bears,  is,  in  many  respects,  the  most  interest- 
ing flowering  ^nt  now  in  existence.  It  consists  of  a  woody  trunk,  about 
2  feet  high,  with  a  lon^  woody  root,  and  terminating  above  in  an  irre- 
gularly lobed  saddle-like  mass,  4-5  feet  in  diameter.  From  a  groove 
Beneath  the  edge  of  this  is  given  off,  on  each  side,  a  broad  leathery  leaf, 
some  6  feet  long,  and  spht  into  numerous  thongs.  These  leaves  are 
supposed  to  be  the  persistent  cotyledons;  and  no  others  are  produced, 
though  the  plant  attains  an  age  of  at  least  a  hundred  years,  and  probably 
more.  The  disk  at  the  top  of  the  stem  is  marked  by  conoenmc  lines. 
The  inflorescence  consists  of  cones  borne  on  forked  branches  which  origi- 
nate from  the  edge  of  the  disk  (fig.  449).  The  cones  contain,  some  female 
flowers,  others  male  flowers ;  the  latter  with  an  abortive  ovule  occupying 
the  extremity  of  the  axis  (fig.  450).  The  male  flower  consists  of  a  peniuithy 
as  in  the  male  flowers  of  JSphedra,  enclosing  six  stamens,  unitea  by  their 
filaments  into  a  short  tube,  and  bearing  globose  anthers,  which  open  by  a 
3-rayed  chink.  In  the  centre  of  the  flower  is  a  body  like  an  ovary,  with 
a  terminal  style-like  prolongation  and  an  expanded  stigma.  This  pistil- 
like  structure  invests  the  nucleus  of  the  ovule,  which,  in  this  case,'  is  desti- 
tute of  embryo-sac  and  embryo.  The  ovary-like  body  in  this  flower  is 
shown,  from  its  mode  of  development  and  structure,  to  be  homologous  with 
the  coat  of  an  ovule,  and  not  to  possess  the  characteristics  of  an  ovary,  except 
so  far  as  superficial  resemblance  is  concerned.  The  long  stvliform  process 
is  similar  to  that  which  occurs  in  the  ovule  of  Ephedra,  l!ne  ovule,  then, 
of  Weltcitschta,  according  to  Hooker,  is  strictly  Gymnospermous,  like  those 
of  Conifers*    Strasburger  and  McNab,  however,  dissent  from  this  view. 
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Hie  nale  flower,  according  to  these  obseryers,  consists  of  a  dimerous  peri- 
aath  in  two  rows,  siz  stamens  (or  two  thrice-branclied,  lateral  stamens),  and 

Fig.  448. 


Fig.  449. 


Fig.  450. 


Fig.  448.  W^luiUekia  mirabUu^  gre^iXj  reduced. 

Itg.  440.  Portiafii  of  inflorescenoe  of  trelwitsekiot  redooed. 

P^  4S0.  M&b  or  hemi^phrodite  flower  of  WeUrittekia,  redooed. 

two  carpels  (antero-posterior) ,  thus : — P  2+ 2  A  3  +  .3  QT.  In  the  female 
flower  tnere  is  neither  perianth  nor  androecium,  but  two  collateral  carpels. 
^  carpels  in  the  so-called  male  flowers  are  antero-posterior, : ;  in  the 
female  collateral  •* .  The  ovule  in  the  male  flower  is  destitute  of  an  inte- 
^Woent,  while  in  the  female  flower  it  is  present  in  the  shape  of  a  single 
ling^like  or  tubular  investment.  The  structure  of  the  stem  oelongs  to  tne 
Dicotyledonous  type,  but  having,  in  addition  to  the  other  bundles,  scattered 
^^f/im  passing  through  the  parenchyma,  as  in  Monocotjledonous  stems. 
AmoDg  the  ordinary  parencnvmatous  cells  occur  "  spicular  "  cells  of  large 
^  and  irregular  branching  rorm ;  these  are  covered  on  the  outside  with 
tW^iaboidal  cr}'Htal8  of  carbonate  of  lime.  Similar  cells  occur  in  the  leaves 
^^Araucaria  among  Finaceae. 
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^ihedra  occurs  Id  Europe,  Aaa,  and  South 
tempemte  regions ;  Gnetum  in  trojdcal  India  and  in  Ouinju. 

QnalltlM  uid  Dm*. — Unimportant ;  the  brtmcbeB  and  6owera  of  some 
Ephedra  were  formerly  used  as  a  styptic  drug. 


CTCAUACE^. 

Subdam  GjnmoHpermes,  Baith.  et  Hook. 

Diof/wmg. — Palm-like,  dwarf  trees  with  simple  tmnks,  having 
the  intemodes  undeveloped,  the  surface  tessellated  with  the  scars 
of  the  fallen  leaves ;  leaves  clustered  at  the  summit,  pinnate 
(bipinnate  in  Bowenia),  parallel-ribbed,  more  or  less  IimJ  and 
woody,  vernation  straight,  that  of  the  lat«ral  piiuue  circinat©  or 
flat,  and  imbricated ;  ditecious,  the  flowers  in  cones  ;  the  one-celled 
authors  covering  the  under  surface  of  the  mate  cone-scales  (fig.  451) ; 


Fig.  461. 


ABUiar-beuibfr  bokIqi  (ul 


female  flowers  either  peltate  scales  with  ovules  beneath,  or  flat 
scales  with  ovules  at  the  base,  or  somewhat  leaf-4ike  scales  with  the 
ovules  on  the  margins;  seeds  with  a  hard  or  succulent  coat,  con- 
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tuning  one  embryo  or  several,  in  fleshy  or  mealy  perisperm. — 
UlnstntiTe  Genera  :  Cycas,  L. ;  Dian,  Lindl. ;  Zamia,  L. ;  Eace- 
phalartoSy  Lehm. ;  Mctcrozamiaj  Miq. ;  Stangeria,  Moore. 


. — With  the  habit  and  appearance  of  Palms,  and  in  some 
cues  of  Ferns  (especially  in  the  genus  Stangeria),  these  plants  agree  with 
PotaeuB  in  the  essential  peculiarities  of  the  organization  of  their  flowers 
and  seeds,  while  the  distribution  of  the  reproductive  organs  over  the  leaf- 
like  carpels  and  the  antheriferous  scales  in  Cycas,  together  with  the  occa- 
BOQaDj  drcinate  vernation  of  the  leaf-segments,  connect  this  Order  with 
tlie  Fenis,  thus  strengthening  the  relation  between  the  Gynmosperms 
and  the  higher  Cryptogams,  which  is  so  evident  in  the  afiinities  between 
Finaeee  and  Lycopodiaoese.  The  relationship  to  the  higher  Cryptogams 
i»  farther  indicatea  by  the  multicellular  pollen  of  Cycads,  which  is  analo- 
gous to  the  microsporangia  of  Rhizocarps. 

Some  difference  exists  in  the  condition  of  the  reproductive  organs.  The 
flower-cones,  composed  of  imbricated  scales,  appear  to  be  azillaiy  produo- 
tioos  in  Zamia ;  but  in  Cyoas  they  are  formed  from  the  terminal  bud,  which 
subsequently  grrows  on  (as  in  the  Pine-apple),  so  that  here  the  terminal 
isfloreacence  does  not  arrest  the  growth  of  the  axis :  the  formation  of  cones 
occors  at  intervals ;  and  when  the  scales  fall  off,  after  the  pollen  or  the 
seeds  are  mature,  the  stem  is  found  marked  alternately  with  bands  of  scars 
of  two  kinds,  those  of  the  true  leaves  and  those  of  the  floral  leaves  (carpels 
ud  stamens).  In  Zamia  the  cones  are  lateral,  like  the  spadices  of  many 
Palms.  In  Oycas  the  female  co&es  are  formed  of  large  nat  leafy  carpels, 
with  ovules  arranged  at  some  distance  apart  on  the  margins ;  the  male  cones 
am  likewise  formed  of  leafy  scales,  bearing  numerous  anthers  (or  loculi) 
Katteted  over  the  lower  surface,  the  locuH  bein^  commonly  grouped  in 
fuurs  like  the  sporanges  of  Mertmma,  In  2^m%a  the  cones  more  nearly 
KMemble  those  of  Pinacese :  the  male  cones  are  formed  of  peltate  scales 
(^th  an  apophysis  as  in  the  ripe  cones  of  Cupressus),  with  the  poUen- 
caaes  under  the  overhanging  head ;  the  female  cones  are  composed  or  some- 
what peltate  scales  beanng  only  a  pair  of  ovules  at  the  base.  The  poUen- 
ttc8  are  numerous,  sessile,  or  staikea,  on  the  under  surface  of  the  thick  per- 
Bstent  stamina!  scales.  The  pollen-cells  are  at  flrst  simple  and  more  or  less 
spbeiical,  bat  subsequently  tney  divide  into  two  or  more  cells  of  difierent 
sues,  the  poUen-tube  ultimately  protniding  from  the  larger  celL  The 
compound  pollen,  forming  a  sort  of  male  prothallium,  is  similar  to  that  of 
PinaoeaB. 

L*  C.  Richard  regarded  the  female  flower  of  Cycads  as  formed  of  a 
E^mosepalous  calyx  adherent  to  a  half-inferior  ovary.  Payer  thought  the 
^^^  was  achlamydeous,  surmounted  by  a  short  style.  Alexander  Braun 
^  considered  the  tegument  of  the  ovule  to  be  ovarian.  Van  Ticghem, 
Wing  bis  opinion  on  the  arrangement  of  the  vascular  bimdles,  thinks  the 
^cada  are  truly  Gymnospermous,  the  ovules  being  borne  on  the  ed^s 
^  a  flat  leaf.  Gris  also  arrived  at  the  conclusion  that  the  outer  covenng 
of  the  ovule  was  of  the  nature  of  an  ovular  coat,  its  filiform  prolongation 
^^  the  ndcropyle,  not  a  style.  In  the  ovule  of  Cycas,  as  oiRicinuSy  the 
fttadied  portion  of  the  nuckus,  where  the  coat  is  still  confluent  with  it, 
i>  corered  with  a  network  of  vessels  proceeding  &om  the  single  bundle 
^^ucb  passes,  under  the  name  of  raphe,  through  the  coat  of  the  ovule. 


366  SYSTEMATIC  BOTAirr. 

It  is  noteworthy  that  the  fruit  or  seed  may  be  perfect  in  all  its  parU 
without  fecundation  ha^nng  taken  place,  tke  embryo  alone  not  being 
formed.  Thus  in  hothouses  one  often  sees  the  female  plants  ripening  their 
fhiit;  but  although  e^«n  the  perisperm  of  the  seed  is  lully  formed,  tiaere  is 
no  embryo,  the  male  plant  being  not  in  cultivation  or  not  in  floiiTer  at  the 
time.  In  the  ripe  seed  the  archegonia  or  corpuscula  are  yery  large,  as  also 
are  the  suspensors  or  proembryos,  of  which  usually  only  one  develops  a 
perfect  embryo,  the  otners  remain  as  withered  threads. 

DlBtribation. — ^Tropical  and  temperate  parts  of  Asia,  America,  Africa, 
and  Australia.  In  a  fossil  state  they  appear  first  in  the  Carboniferous 
strata,  and  are  abundant  in  the  Lias,  Wealden,  and  Lower  Cretaceous 
formations. 

Qualities  and  Uaei. — ^The  chief  economic  yalue  of  these  plants  consists 
in  the  possession  of  a  kiod  of  farina  like  Sago,  consisting  of  the  statvh 
washed  from  the  internal  parenchyma  of  the  trunk,  or  ob^ned  from  the 
mealy  perisperm  of  the  seeas.  Cycas  revoluta  and  C,  cirdnaHs  are  "  Sago  " 
plants  m  Japan  and  the  Moluccas.  Various  species  of  Encephalartot  form 
what  is  called  '^  Caffer-bread  "  at  the  Cape ;  Dion  edule  (seeds)  fumbhes 
a  kind  of  Arrowroot  in  Mexico. 
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Class  II.  M0N0C0TTLED0XE8. 

AngioepennouB  Phanerogams,  with  stems  in  which  the  woody 
handles  are  isolated  and  diffused  through  a  parenchyma  iu  which 
there  is  no  distinction  of  pith  and  bark,  the  individual  woody 
bundles  rarely  being  developed  further  aft«r  the  fall  of  the  leaves 
ti)  which  they  belong ;  the  leaves  (very  commonly  sheathing  at  the 

Fig.  465. 


Fig.  4Sb.  Tbtduj  lower  of  ZsnJd. 

Fig.  tf T.  UoiiiXHitTliidoDOlu  embrje  of  Fnbmcgtlon. 


bue)  generally  with  a  number  of  nearly  parallel,  straight  or 
nuYed  ribs  (fig.  452),  or  with  similar  riba  given  oS  from  a  midrib 
(Sg.  453)  ;  the  cross  veins  suddenly  smaller  (fig,  454),  occasionally 
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netted-veined :  the  flowers  generally  with  three  organs  in  each 
whorl  (fig.  466) ;  the  floral  envelopes  often  all  petaloid,  or  all  green 
or  scale-Uke,  rarely  with  a  green  calyx  and  coloured  cofoUa  ;  seed 
with  an  embryo  with  one  cotyledon  only. 

The  floral  formula  is,  as  a  rule,  P3+3A3+3G3,  subject  to 
many  modifications  by  suppression,  adhesion,  &c. 

Division  I.  PetaloidesB. 

Monocotyledons,  with  the  floral  envelopes  consisting  of  a  regular 
or  irregular  perianth,  of  two  whorls,  both  petaloid,  or  more  rarely 
both  herbaceous,  sometimes  with  a  green  or  scaly  calyx  and  a  peta- 
loid corolla  (rarely,  as  in  Naiadece,  with  a  scaly  uniform  perianth, 
or  quite  achlamydeous) ;  the  flowers  mostly  perfect,  more  rarely  uni- 
sexual ;  the  leaves  with  the  primary  ribs  parallel,  or  with  a  midrib 
and  parallel  secondary  ribs,  or  rarely  reticulated  somewhat  in  the 
same  manner  as  Dicotyledons,  but  with  the  veins  branching  at 
more  obtuse  angles. 

Ezceptioiis,  fro. — ^The  greater  part  of  the  Orders  here  associated  hhve  a 
natural  connexion  in  the  structure  of  the  perianth  (either  superior  or  in- 
ferior), the  syncarpous  ovaries,  and  the  perispermic  seeds.  But  a  small 
assemblage  of  Orders  which  are  included  here  diverge  greatly  from  the 
general  cnaracter,  while  they  differ  so  much  from  each  other  that  they 
cannot  very  well  be  separated  in  the  form  of  one  distinct  group :  these  are 
the  Hydrocharidaceas,  the  Alismacese,  and  the  Naiadflu^eae,  which  agree  in 
the  common  character  of  an  aperispermic  seed :  but  the  first  have  an  in- 
ferior compound  ovary,  and  seem  to  approach  Bromeliaceee ;  the  second 
have  more  or  less  distinct  carpels,  together  with  a  green  calyx  and  coloun>d 
corolla,  such  as  occurs  in  Oommelynaces?  ;  while  the  third,  with  uniform 
scaly  perianth  or  achlamydeous,  also  apocarpous,  in  their  simpler  forms 
approach  in  habit  to  the  Araceae. 

Series  1.  Epigtkje. 

Flower-tube  not  separate  (afiberent  to)  from  the  ovary. 
Estoeptionsi  fto. — Many  BromeliacesB  have  free  ovaries. 

TACCACE^  are  tropical  perennial  herbaceous  plants  with  tuberous 
roots  and  large  leaves,  somewnat  resembling  Araceas  in  habit,  but  witli 
epigynous,  petaloid,  hermaphrodite  flowers,  the  perianth  of  which  is 
tubular ;  concealing  6  stamens  with  petaloid  filaments  incurved  and  hoode<i 
at  the  apex ;  ovary  1-celled,  with  3  parietal  placentas  projecting  more  or 
less  into  the  interior ;  fruit  a  berry ;  seeds  with  fleshy  perisperm.— The 
plants  are  commonly  regarded  as  connecting  the  epigynous  Monocotyledons 
with  the  Aristolocmaceae, a  Dicotyledonous  Order  with  3-merous  flowers; 
they  have  ft^ity  in  habit  to  the  Araceae,  and  in  the  flowers  approach 
Bromeliaceas.    Tne  watery  juices  of  these  plants  are  acrid;  but  the 


PETALOIDKfi.  369 

rjbenxis  roots  contain  much  starch.  This  is  extracted  (by  washing 
tlie  roots  of  Tacca  pmmUi/ida)  by  the  inhabitants  of  Tahiti  and  other 
L-lands  of  the  South  Sea,  who  use  the  meal  for  bread,  cultivating  the 
jiUnt  la  fields.  This  species,  and  T,  dubia,  montana,  and  others,  are 
ushI  in  Hke  maimer  in  Malacca,  the  Moluccas,  Cochin  China,  &c.,  and 
&?e  sometimes  eaten  raw  with  an  acid,  which  neutralizes  the  acridity. — 
Gecgr* :  TaecOy  Forst. ;  Ataccia,  Presl. 

DIOSCOREACEiE  (Yams)  are  plants  with  twining  stems  rising  from 
hrw  tuberous  or  knotted  woody  root-stocks,  with  broad  netted-veined 
stalked  leaves,  small  dicecions  6-cuidrous  regular  flowers,  the  tube  of  the 
(>faited  perianth  adhering  in  the  fertile  flowers  to  the  3-celled  ovary ; 
stjias  3,  distinet  or  deeply  trifid ;  ovules  1-2  in  a  cell ;  stamens  of  tlie 
Wnen  flower  6,  on  the  perianth;  fruit  a  Sncelled  (or  by  sunpression 
l-ceOed)  dehiscent  cansule,  or  a  succulent  berry ;  seeds  with  a  small  embryo 
m  a  cavity  in  the  hara  perisperm. — Illustrative  Genera :  Tamu^  L. ;  Dios" 
owa,L. 

AiWntHf,  fto. — Very  near  to  SmilaoesB,  from  which  they  difier  in  the  in- 
ferior ovaiy  and  the  cavity  in  the  perisperm ;  the  mostly  capsular  fruit  is 
^^piaced  by  a  berry  in  Tamus,  like  that  of  SmUax,  but  inferior  instead  of 
superior.  The  epigynous  condition  relates  these  plants  to  Amaryllidaceee. 
Some  authors  conader  they  are  related  to  AnstolochiacesB ;  but  it  is  a 
dUant  affinity. 


—A  rather  large  group,  chiefly  tropical ;  TamM  communis 

isBritidi. 


Uaefl. — The  sap  is  often  more  or  less  acrid ;  but  the 
tebers  formed  by  certain  species  of  Yams  {IHoacorea  sativa,  akUa,  and 
'fvltata)  contain  abundance  of  starch ;  so  that  under  cultivation,  and  after 
cookiDg,  when  the  noxious  principle  is  dissipated,  they  become  valuable 
Articles  of  food.  The  tubers  of  other  DioscorecB  are  imfit  for  food ;  and 
those  of  Tamus  communis,  Black  Bijony,  have  acrid,  purgative,  and  emetic 
Foperties.  TestutUnaria  elephanttpes,  a  Cane  plant,  in  cultivation  in  our 
Botanic  gardens,  produces  a  remarkable  tuoerous  growth,  resembling  a 
■^^is^ed  stump  of  an  old  tree,  covered  by  a  kind  of  feSsB  bark,  which  is  tes- 
sellated with  large  compound  angular  facets ;  its  internal  substance  is  eaten 
^  the  Hottentots. 

OECHIDACE^.    Oechidb. 
Coh,  Qrchidales,  Hook, 

J^ioffuotis, — ^Herbs,  distinguished  by  their  irregular  flowers, 
B-roeroos  perianth  inseparate  at  the  base  from  the  ovary ;  stamen 
i\  or  very  rarely  2)  gynandrous,  pollen  cohering  in  waxy  or  mealy 
nawes ;  ovary  inferior,  placentas  parietal. 

Character, 

Perianth  mostly  petaloid,  adherent,  in  two  circles ;  the  outer  circle 
of  Uuee  pieces  (si^ptUs),  distinct  or  more  or  less  coherent  below, 

2b 


SrSTBMATIO  HOTAITT. 


two  lateral  and  one  anterior  (or  poaferior  when  the  ovaix  b 
twiated) ;  the  inner  circle  of  three  pieces  (petalt),  or  rarelv  one 
alternate  with  the  sepals,  two  lateral,  and  one  (the  labeUum)  pos- 
tenor  (or,  by  the  twisting  of  the  ovary,  anterior)  (figs.  458,  4o», 
481,  &  462),  usually  longer  and  larger  than  the  others,  Tariously 
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Vif.  MO.  CUiUe  paUnD-mua  ud  asdide  of  Ordiii. 

formed,  with  or  without  appendages,  eometimes  dirided  into  3 
regions  by  contractions,  forming  hi/pochilium  {at  the  base),  vfto- 
dttlmm,  and  eptckilium ;  free,  or  more  or  lean  adherent  to  (he 
column.  Stam«nt  gynandrous,  the  filaments  confluent  with  the 
style  into  a  column  (fig.  463),  bearing  mostly  1  perfect  antluron 
the  side  turned  away  from  the  labellum,  with  two  lateral  processes 
(abortive  anthers),  or,  rarely,  2  perfect  lateral  aniher$  with  id 
abortive  process  next  the  odd  sep^((7yprywd»uni);  pollen  pnlre- 
rulent,  or  in  grains,  more  or  less  coherent,  or  in  waiy  iius.<es 
which  are  free  or  provided  with  a  pedicel  or  oaudide  (fig.  4&>\ 
which  adheres  to  a  gland  or  glands  at  the  apex  or  muUum  of 
the  etigma.  Ot/aryinferior,  often  twisted,  l-celled,  withSdonbie 
pariettu  placentas  bearing  numerous  anatropous  ovules ;  ttyli  I, 
confluent  with  the  filaments  into  the  column,  which  is  eur- 
mounted  by  a  3-merous,  mucous,  discoid  stigma  facing  the  1>- 
bellom,  its  lobes  alternating  with  the  lines  of  placeutation ;  the 
lateral  lobes  usually  abortive,  but  sometimes  forming  divergent 
processes,  the  odd  lobe  more  or  less  developed  into  a  beak  (nw 
teUtim)  bearing  1  or  2  glands.  Fruit  mottly  a  capsule  bursting 
by  3  valves,  bearing  the  placentas  in  the  middle,  separating  fnin 
the  midribs  of  the  carpels,  which  remain  as  an  open  framework; 
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nirelj  a  fleshy  indebiscent  pod ;  seeds  very  namerous  and  ex-' 
tremelj  small,  consisting  of  a  cellular  nucleus  without  distinct 
radicle  or  plumule,  enclosed  in  a  loose  membranous  or  rarely 
crustaoeous  testa. 

The  Order  has  been  di\dded  by  Lindley,  its  greatest  exponent,  into 
aevefid  tribes,  according  to  the  number  and  position  of  the  anthers,  the 
number  and  nature  of  the  pollen-masses,  &c. 

1.  Anther  solitary. 

A.  FoOen-^masses  waxy. 

a.  No  caudicle  or  separate  stigmatic  gland . .  Tribe  M  alaxejb. 
5.  A  distinct  caudicle,  but  no  separate  stigmatic 

gland Epidendrks:. 

c.  A  distinct  caudicle  and  stigmatic  gland. . .  •         Vakdb^. 

B.  PoUen  powdery ,  granular ,  or  sectUe, 

a.  Anther  terminal,  erect Ophbye^. 

b.  Anther  terminal,  opercular Arethxjsks. 

c.  Anther  dorsal    Neotte^. 

2.  Anthers  two CYPRiPEME-fi. 

AfinitlM,ft«b — In  the  greater  part  of  the  genera  the  Monocotyledo- 
nous  type  is  departed  from  in  several  particulars,  as: — in  a  more  or 
Ifiss  considerable  irregularity  of  the  perianth,  especially  in  the  condition  of 
the  labellum ;  in  the  circumstance  that  the  filaments  are  confounded  with 
the  style  into  a  central  organ,  prolonged  from  the  inferior  ovary,  called  the 
coUtmn^  and  that  generaJly  2  out  of  6  (at  least  3)  anthers,  are  abortive, 
whil^  the  pollen  is  frequently  less  developed  than  usual,  the  process  of 
.subdivision  into  distinct  cells  or  granides  being  arrested,  so  that  it  remains 
in  compound  masses  of  various  degrees  of  magnitude  and  of  more  or 
leas  firm  and  even  waxy  consistence.    In  some  cases,  however^  as  in 
ThtlymUraj  the  perianth  is  almost  regular,  so  as  to  resemble  that  of 
some  of  the  eenera  of  Iridacese ;  and  m  Cypripedimn  we  find  2  anthers 
developed  and  the  rest  abortive.  Among  the  other  remarkable  peculiarities 
of  the  structure  are  processes  of  various  kinds  occurring  upon  the  column 
and  labellum,  which  there  is  reason  to  regard  as  indications  of  abortions 
of  staminal  organs.    These  have  given  rise  to  the  opinion  that  the  ele- 
ments of  2  circles  of  stamens  exist  in  this  Order,  of  which  5  are  usually 
suppressed,  the  perfect  one  belonging  to  an  external  circle  of  3,  while  in 
Cypripedium  the  2  which  are  developed  are  members  of  the  inner  circle 
of  3,  one  of  which,  with  the  entire  outer  circle,  is  abortive.    The  position 
of  the  organs  may  be  thus  shown  :-^In  the  typical  flower  the  arrange- 
ment would  be  S.'.P'.'A.'.  +  ••  •  O.'.    In  most  Orchids  the  ar- 
rangement is  I  S.'.P'.'Aq'o  +  °o°  O .  • . ,  the  dots  representing  those 
organs  that  are  present  and  their  relative  position,  the  circles  those  organs 

that  are  suppressed.     In  Cypripedium  the  formula  is  S.*.P".'A„°o 

4-'o*^  •'•  These  views  are  supported  by  numerous  exceptional  in- 
stances, in  which  some  or  all  of  the  ordinarily  suppressed  stamens  are 
present,  and  by  the  anatomical  construction,  which  reveals  the  existence 
of  as  many  bundles  of  vascular  tissue  in  the  colunm  and  ovary  as  there 
are  stamens  and  carpels.  TheUuis  has  normally  three  stamens.  The 
suppression  of  2  out  of  3  stamens  connects  this  Order  with  Marantace® 
and  2iingiheiace»,  where  the  same  phenomenon  exists  in  a  different  modi- 

•  2b2 
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ficatioD,  u  men^oned  under  those  Orders;  the  Apoetuiaceas  ha^e  2 
Btemena  onl^,  with  their  filamenta  adheiiug  to  the  lower  part  of  the  sty  lb. 

The  ovarj  la  apparently  farmed  of  3  carpels,  with  the  stigmas  umple. 
Since  thej  alternate  with  the  placenta^  IJndle;  supposee  the  ovary  to  be 
formed  of  6  carpels,  H  fertile  and  3  barren ;  but  this  seeins  contrary  to 
analogy  and  without  sufficient  independent  support.  In  Apostamacete, 
MarantAcees,  and  Zingiberaceie  the  ovary  ig  3-ceUed,  or  sometunea  imper- 
fectly HO  in  the  last,  from  the  margins  not  meeting  in  the  centre.  Seteni- 
pedivm  has  a  3-celled  ovary.  The  seeds,  which  are  very  minute,  are  of 
nmple  organization  :  the  ovules,  at  the  time  of  fertilization,  consist  solely 
of  an  embryo-sac  with  2  inti^umenta ;  and  the  ripe  seed  presents  an  embryo 
devoid  of  aiatinct  or^ns  (cotyledoD  and  radicle),  enclosed  in  a  loose  testa 
— in  this  respect  ^Lhiliituig  a  relationship  to  Burmanniacen. 
Rg.  401. 


E.  ML  Orchid  flow 


The  labeilum  sometimes  exhibits  irritability,  moving  spontaneously  or 
when  touched  {MegaHinium,  BolbophyUum,  Drakea,  &c.}  (fip.  VS) :  its 
forms  are  most  vaned  and  strange,  often  causing  the  entire  flovrer  to  fe- 
semhle  an  insect  or  some  other  living  object.  The  roatellum  aai  stalk  of  tti* 
poUen-maaaes  are  also  endowed  with  contractile  properties.  In  Cataiettm 
these  are  so  powerful  as  to  cause  the  sudden  forcible  ejection  of  the  pollsD- 
masaes  from  the  anther-cella,  when  the  rostellum  or  other  senative  organ 
is  touched,  as  by  the  proboscis  of  an  insect.  Insects  visiting  the  flowers 
of  our  common  English  Orchis,  for  the  sake  of  the  honey,  come  into  contact 
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wilb  the  rwrtBUum,  and  thus  Kberato  tha  Pig.  468. 

pJfat-ni«MC».  Ttuise  latter  adhere  finnly  to 

tfaeioKct's  back  bj  means  of  a  gland  at  the 

■aiat  ii>e  stalk,  ao  that  the  polleo-mass  ia  i 

nOTered  to  another  flower.  ItmusI,Iiow-  ' 

tm,  te  temarked  that  if  the  poUeo-maaa     , 

Kiauwd  the  nearlv  vertical  direction  it  bad 

'O  ite  exit  froia  the  anther,  it  would,  when 

iBlroduced  fajrlbe  insect  into  another  flower,     | 

itrike  against  the  anther,  and  not  agEunst 

tbr  (dgma.     In  order  to  place  the  pollen 

in  oich  a  pontion  that  it  sbalt  impinKe  on 

the  ili|iiaa,  the  caudicle  or  stalk  of  the 

wOen-maaa  contract*  ao  a8  to  give  the  pol- 

Wmaas  the  requiaite  horizontal  direction. 

Tim  movement  can   reodil;   be  Been   by 

ilnwting  the  piwit  of  a  peninl  into  b  flower 

i^UDtt  the  roBtellum,  when   the   poUen- 

muan  wifl  adhere  to  the  pencil,  and  mar 

W  withdrawn  from  the  anther^aae,  and, 

if  vatcbed,   will  be  wen  to  bend  down- 

<nrdi,  in  the  manner  jiut  described,  im- 

cwdiatelj  after   their  removal   from  the     _  ,         ,„    ,„  .       ..    , .      . 

.1.      <ij       Mnj\       rni  .        -11     ColDmn  of  Fani/id from  the  Dtmtiind 

inaiCT(lig.  464),     These  movements  will       (po^   n,,  ^a,_  u,,  p,rt.  of  the 

bu  again  alluded  to  in  the  physiuloirical       pariauih  out  kw.j:  a,th*  uther; 

ft&ju  of  this  work.  tt.'^toHf "™'  th.  a  point,  to 


Fig.  464. 


i,  poUcn-ni 

Two  distinct  forma  of  the  perianth  sometimes  present  theroselves  on 
tlie  Hme  flowei^pike,  so  that  the  same  species  has  received  two  specitic 
'illei,  and  even  three  distinct  generic  names : — e.  g.,  Mojiarluiiithu», 
HyantAitt,  and  Catatetam,  now  all  included  in  the  last  named  genus, 
ud  C^/ato^iei  ventricomm  and  £gf>iomanam,  now  known  to  be  forme  of 
CM  uHl  the  same  apeciea.  This  was  considered  a  most  anomalous  circum* 
'tuce  tin  it  was  shown  by  Darwin  that  the  different  forms  represented 
Jitrent  aexes,  the  male  dowers  being  differcDt  from  the  female. 

tha  Orchidacen  ore  tftrreatrial  in  temperate  climates,  forming  snbter- 
Dheoiu  tubers  or  tuberous!;  enlarged  nbroua  roots,  from  which  the 
loweiiDg-etom  shoots  up  afresli  every  season.  In  worm  and  moist  climatea 
IbfJ  ore  very  frequently  epiphytic,  hanging  on  the  branches  of  trees,  or 
nffltttachingtbemselvea  to  rocks  and  other  foreign  objects.  These  kinds 
^Menlly  form  some  kind  of  stem-tuber,  either  from  the  lower  intemodea 
of  Uie  axis  which  has  just  flowered,  or  of  a  new  axis,  sometimes  from  the 


^ 
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whole  of  the  interncdes  of  a  long  jointed  leafy  axis,  &c.  The  roots  which 
hang  down  from  them  are  soft  and  delicate  at  the  apex ;  and  the  epithelial 
cells  exhibit  spiral-fibrous  thickening  of  a  peculiar  kind.  Angr<Bcum  funak 
has  neither  true  roots  nor  leaves.  Neottta  nidus  avis  has  buds  on  the  ex- 
tremity of  the  roots  (Van  Tieghem).  Epipopon  Gmelim  and  CoraUorhisa 
innata  are  also  rootless.  The  embryo  is  a  mere  cellular  globule  borne  on 
a  fiuspensor* 

DIstrlbutloiL — Orchids  are  very  numerous,  and  occur  in  almost  all 
parts  of  the  globe,  except  the  very  coldest  or  in  very  dry  regions.  In  tem- 
perate climates  they  occur  chiefly  in  shady  woods,  aamp  pastures,  or  open 
calcareous  downs ;  but  they  are  most  abundant  in  damp  situations  in  the 
tropics. 

Qualities  and  Uses. — ^The  properties  of  these  plants  are  generaUy  un- 
important. The  subterranean  tubers  of  some  form  nutritious  food,  from 
the  presence  of  a  gummy  substance :  that  of  a  native  species,  Orchis  mas- 
culOf  was  formerly  collected  and  sold  for  the  preparation  of  Salep ;  and 
other  kinds  are  eaten  in  India.  Some  of  the  South- American  yield  a  kind 
of  vegetable  ^lue ;  Aplectrum  hvemaiey  the  North-American  Putty-root,  is 
used  for  making  a  cement  for  cnina.  The  most  important  plants,  perhaps, 
are  VaniUa  planifolia  and  other  species,  and  a  species  of  SobraUa,  tiie  dned 
pulpy  pods  of  wnich  furnish  the  Vanilla  used  for  flavouring  chocolate  and 
confectionary.  A  few  others  are  described  as  having  medicinal  properties 
of  various  kinds. 

AposTASiACEiB  Is  a  Small  Order  of  perennial  herbs  nearly  related  to 
Orchidaceae,  bearing  a  regular  perianth  and  2  or  3  stamens  which  are  con- 
fluent by  their  filaments  with  tne  lower  part  of  the  style  (the  anthers  free), 
forming  a  kind  of  column,  prolon^d  above  into  a  iilif orm  process  with  a 
8-lobed  stigma ;  ovary  d-celled,  with  axile  many-seeded  placentas ;  seeds 
apparently  as  in  Orchidaceaa. — ^These  plants  difler  from  Orchids  chiefly  in 
the  free  condition  of  the  upper  part  of  the  style  and  the  3-celled  ovaiy ; 
but  as  the  latter  character  is  inconstant  in  some  Monocotyledonous  Orders, 
probably  this  Order  should  be  united  with  Orchidacesa ;  they  are  near  to 
burmnnniaceae  also ;  but  that  Order  has  free  stamens.  Ldndley  regards 
this  Order  as  connecting  Orchidaceae  with  AmaryUidacesQ  through  Hypox- 
idacesB.  They  are  natives  of  damp  woods  in  tropical  India^  and  are  with- 
out known  properties. — Genera :  Apostasia,  Bl.,  &c. 

BuBMANNiACEJE  are  small  annual  herbs,  often  with  minute  and  scale- 
like leaves,  or  those  near  the  root  grass-liKe ;  the  flowers  perfect,  with  a 
6-cleft  petaloid  perianth,  the  tube  of  which  adheres  to  the  1-celled  or  S- 
celled  ovary ;  stamens  3,  distinct,  introrse,  and  superposed  to  the  inner  seg- 
ments of  the  perianth,  or  6  and  extrorse ;  stigmas  3 ;  capsule  many-^ieeded ; 
the  seeds  very  minute,  with  a  homogeneous  nucleus  in  a  loose  membran- 
ous testa. — Natives  of  the  tropics  of  America,  Africa,  and  Asia.  Some  aw 
probably  parasitical.  The  amnities  of  these  plants  are  rather  obscure; 
thev  apparently  agree  with  Iridaceae  in  the  character  of  the  flowers,  but 
difler  m  the  position  and  number  of  the  stamens ;  while,  by  the  seed^ 
resembling  those  of  Orchidaceas,  they  form  a  connecting  link  between 
these  two  Orders.  They  are  also  related  through  Taccaceas  to  Aristolo- 
chiacess.  They  are  said  to  be  bitter  and  astringent,  but  are  unimportant 
in  these  respects. — Genera :  Burmatmia^  L. ;  Thismia,  GxiSt,,  &c. 
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ZINGIBERA.CEiG  (thb  Qinqeb  Obdes)  conaut  of  herbaceoua 
peiuuiiala  with  a  creeping  rhizome;  leaves  1:soad,witha  sheathing  petiole, 
tnd  numeroua  parallel  veins  diverging  from  a  midrib;  flowen  ^uced  or 
racemoee,  with  epathaceoua  membranous  bracts;  perianth  adherent, 
invgular,  in  three  circles  each  of  three  parts,  one  petal  being  larger  in 
fact  at  the  two  inner  circles ;  stamens  3,  distinct,  2  abortive,  and  the 
frrtile  one  posterior,  oppomte  the  kLbi'llum  or  large  segment  of  the  inner- 
most  periauthial  whorl ;  anther  2-ceIlcd ;  ovarv  3-celled,  or  with  the  dis- 
Kpimenta  imperfect ;  seeds  numerous,  often  arulate,  with  the  embrvo  in  a 
mc  (n'Mhu)  within  the  perisperm. — Illustrative  Oeneia :  Zingiber,  Onrtn.; 
Amonmv*,  L. ;  Hedychwm,  Ecenig ;  Mpinia,  L. ;  Coriut,  L. 

fig.  466. 


— This  OrdiT  is  nearly  related  to  Murantaceie,  Orchidacese, 
■nd  the  allied  Orders,  but  may  always  be  distinguished  by  the  only  fertile 
stamen  bein^  situated  next  the  axis  (posterior),  not  next  the  bract  (an- 
terior) as  it  IS  in  Orchidaceie  (before  the  ovoiy  becomes  twisted),  or  latenil 
as  it  b  in  Marantaces ;  the  ovary  is  usually  3-celled,  like  that  of  Maran- 
laces,  but  the  embryo  ia  contuned  in  a  special  sac  or  vitellus,  which  is 
not  present  in  the  seeds  of  either  Uarants  or  Orchids. 

DWitbiitlaQ. — A  large  Order,  consisting  mostly  of  tropical  plants ;  the 
greater  part  East'Indian,  but  a  few  occurring  in  America,  in  Africa,  and 

^udillaa  and  Vmt. — RemarhaUe  for  the  pleasant  aromatic  and  stimu- 
lant qualities  of  the  rhizomes  and  the  seeds  of  many  kinds ;  aoma  are 
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astringent,  many  yield  starch,  and  some  colowingp-matters.  Ginger  is  the 
rhizome  of  Zingiber  officinale :  preserved  nnger  is  made  from  the  younger 
parts  of  the  rhizomes.  Cardamom  seeds  are  obtained  from  Arrtofnum 
Cardamomum  (Round  Cardamoms),  A,  anoustijhlium  (Madagascar  Car- 
damoms), A.  maximum,  A,  aromaticumj  Skttaria  major  (Ceylon),  and  J?. 
Cardamomum  (Malabar).  Turmeric  consists  of  the  yellow-coloured  rhi- 
zomes of  Curcuma  longa ;  the  starchy  rhizomes  of  some  East-Indian 
species  of  Curcuma  furnish  Arrow-root.  Ghilangale-root,  which  has  pro- 
pierties  resembling  those  of  Ginger^  consists  of  the  rhizomes  of  Alpinia 
Gridanga  and  racemosa\  Zedoary,  of  those  of  Curcuma  Zedoaria  and 
Zerumbet,  Amomum  Orana  Paradiei  yields  the  Grains  of  Ptatradisey  used 
as  stimulants,  and  also  for  ^ving  pungency  to  spirits  and  beer.  Many  of 
the  species  have  very  beautiful  blossoms^  and  are  cultivated  in  stoves  on 
that  account.  The  bright  colouring  is  found  sometimes  in  the  bracts, 
sometimes  in  the  perianth,  as  in  Hedychium  coronarium, 

MARANTACEiE.    The  Aekowboot  Ordeb. 

CoK  Amemalee,  JBenth.  et  Hook, 

Diagnosis. — Ilerbaceoas  plants  with  creeping  rhizomes,  resemhling 
Zingiberaceee  in  habit,  but  with  the  perianth  more  irregular,  and  the 
inner  segments  often  aboHive  (  of  the  6  stamens  5  are  petaloid,  and 
1  lateraJ  fertile  2-lobed,  with  a  1-  (2?)-celled  anther  on  one  of  its 
lobes;  ovary  inferior,  l-3-c6l}ed,  with  numerous  perispermic  seeds; 
embiyo  not  enclosed  in  any  special  sac. — lUustiative  Genera :  Martxnta, 
Plum. ;  Canna,  L. 

AlBnltlM,  *o. — ^The  affinities  of  this  Order,  often  called  Cannaoe»,  are 
those  of  2^giberacefie,  ftom  which  this  Order  is  separated  by  the  place  of 
its  fertile  stamen  (lateral)  and  by  the  absence  of  a  vitellus  or  special  sac 

Fig.  466. 
XXX 
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Diagnuns  of  the  flowers  of  KanataoeaB  (M).  Zinfi;ibence»  (Z),  aad  Orchidace»  CO).  The 
■mall  open  droles  are  fertile,  etameiu ;  the  hlack  dote  abortiTe  ttiuneiii ;  the  black  dot! 
with  the  broad  line  soored  throoffh  are  petaloid  stamena.  The  x  indiontea  the  poaitioa 
of  the  azia,  the  bract  being  exactly  opposite. 

round  the  embvro.  If  we  assume  the  Orchidaceie,  as  mentioned  under 
that  Order,  to  nave  the  rudiments  of  a  double  series  of  stamens,  the  rela- 
tions of  Orchidace89,  Zingiberacess,  and  Marantace89  axe  Tetj  close,  and 
yet  their  distinctions  very  clear  {Qg.  466). 
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%  with  a  double  periaath  and  two  circles  of  stamens,  have 
tbe  anterior  stamen  (belonging  to  the  outer  circle)  developed,  the  rest 
abortiTe,  or  present  in  the  form  of  horns,  jridgjes,  &c.  (O) ;  or,  in  Cypri- 
pedmm,  they  have  the  two  lateral  stamens  of  uie  inner  circle  developed, 
tbe  anterior  and  all  those  of  the  outer  circle  abortive. 

ZinffAeracetB,  with  a  double  perianth,  have  the  outer  circle  of  stamens 
petaJoid,  forming  a  third  perianthial  circle,  the  odd  (posterior)  stamen  of 
the  inner  dicle  developed,  the  2  lateral  abortive  (Z). 

Martmtace^,  with  a  double  perianth,  have  the  outer  circle  of  stamens 
more  or  less  developed  in  a  petaloid  form,  as  a  third  perianthial  circle,  and 
one  lateral  stamen  of  the  mner  circle  fertile — the  other  lateral  stamen, 
vith  the  posterior  one,  beinff  abortive  (M).  Dr.  Dickie  has  lately  shown 
tbat  the  anther  of  Oanna  is  m  reality  2-celled. 

Eichfer  gives  a  different  explanation  of  the  flowers  of  these  plants. 
Aocxjrding  to  him  the  flower  of  Canna  consists  of  5  ternary  verticils  altema- 
uog  one  with  another,  the  two  outer  constituting  the  perianth,  the  two  fol- 
lowing ones  the  androecium,  and  the  last  the  pistil.  The  perianth  and  pistil 
are  c(Hnplete,  but  the  outer  whorl  of  the  androBcium  is  completely  sup- 
pressed, as  is  also  one  stamen  of  the  inner  whoxi  Of  the  two  remaining 
stamens  of  this  inner  whorl,  one  has  half  an  anther  only,  the  other  Lb 
eotir^  petalodic.  This  second  whorl  of  the  androecium  also  furnishes 
>cceaBory  appendages  of  different  shapes  in  various  genera.  In  Zingi- 
^lezaceae  the  outer  whorl  of  stamens  is  8upprea<<ed,  but  the  inner  whorl  is 
complete^  though  there  is  only  one  perfect  stamen,  and  this  has  two  anther- 
lobea  In  Musaceie  the  inner  row  of  the  androecium  is  complete,  and  only 
cue  member  of  the  outer  one  is  deficient.  In  Cypr^pedium  there  is  one 
member  of  the  outer  row  present  as  a  staminode  and  two  of  the  inner. 
In  Xvridete,  BUrmanniace»  and  some  Eriocaulons,  the  inner  whorl  is 
complete  and  perfect.  Inlrids,  Grasses,  and  most  Orchids  the  inner  whorl 
issappreesed. 

Blrtrflnittoa. — ^The  species  are  numerous,  and  natives  chiefly  of  tropical 
America,  Africa,  and  bidia. 


QoaUtlM  asid  Usefli — The  abundance  of  ]^ure  starch  furnished  by  the 
rijixomes  of  many  species  constitutes  the  prmcipal  feature  of  the  Maran- 
tacee  considered  from  an  economical  point  of  view.  True  Arrowroot  is 
obtained  from  Maranta  arundinacea,  AUouyia^  and  nobiUs  (West  Indies), 
uhI  M,  ramonmma  (East  Indies).  Tous-les-Mois  is  derived  from  species 
of  Ooaifio,  probably  C.  coccinetty  Achiras.  eduUs^  &c.  Canna  indica  is  called 
^'  Indian  shot,"  from  its  beautifully  spherical  seeds.  Some  of  the  species 
ve  cultivated  in  our  stoves.  Many  of  the  species  of  Calathea  and  Maranta 
bave  beautifully  coloured  foliage. 

MUSACEiE  (Bananas])  are  large  herbaceous  plants  with  longsheath- 
Qg  petioles  formmg  a  spurious  stem ;  leaves  large,  with  a  strong  midrib 
ua  parallel  lateral  veins;  flowers  enclosed  in  a  spathe,  hermaphrodite; 
perianth  more  or  less  irregular,  adherent,  petaloid,  in  two  8-merous  rows ; 
"tsmens  6,  on  the  segments  of  the  perianth,  some  alwavs  abortive ;  anthers 
^Sed ;  ovary  3-celled,  many-seeaed,  or  rarely  d-seeded ;  fmit  a  capsule 
arsoociilent  and  indehiscent ;  embrvo  at  the  ena  of  peiisperm. — ^Illustrative 
^e&eia:  HeUcoma^  L.;  Jtfttsa,  Toumef. ;  Strditzia,  Banks;  Mavenala^ 
Adaoa 


378  SYSTEMATIC  BOTANT. 

JJBnttlM,  *«b — ^With  certain  well-marked  differences,  these  plants  ap- 
proach in  some  degree  to  the  Marantaceae  and  Zingiberaceas  in  nahit,  espe- 
cially in  the  character  of  the  foliage,  but  the  Muaaceas  hare  6  or  6  more  or 
less  perfect  stamens  and  no  staminodes ;  from  the  AmarrllidacesB,  which 
they  resemble  in  the  epigynous  hexandrous  structure,  they  differ  in  the 
irregular  flowers,  the  general  habit,  and  the  character  of  the  bracts  or 
spatnes. 

Dlstribation. — A  small  Order,  the  species  of  which  are  srenerally  dif- 
fused, wild  or  in  culture,  in  the  plams  of  the  tropics  ana  subtropical 
regions  of  the  globe. 

Qualities  and  Usefli — These  plants  are  most  valuable  as  sources  of  food  and 
fibrous  materials.  Mum  paradmaca,  the  Plantain,  and  Musa  tm^Mentum^ 
the  Banana,  are  plants  bearing  gigantic  leaves  on  long  petioles,  the  im- 
bricated sheaths  of  which  form  a  pseudo-stem  many  feet  high.  They 
produce  large  clusters  of  pulpy  fruit  containing  much  sugar  and  starch, 
which  form  a  very  important  article  of  food  in  the  tropics.  Several  other 
species  of  Musa  yield  similar  fruits.  The  leaves  are  used  for  thatching 
huts,  or  snUt  up  for  plaited  work  of  all  kinds.  The  fibre  of  the  petioles 
is  a  valuable  material,  especially  that  of  Musa  textilis,  which  is  known  as 
Manilla  Hemp.  The  young  shoots  are  also  eaten  boiled.  Jlavenaia 
speciosa  has  an  edible  seed ;  a  quantity  of  watery  juice  exudes  from  its 

Jietioles  when  cut,  whence  it  has  been  called  Arbre  du  voyageur.     Stre- 
itzia  is  a  genus  with  very  handsome  flowers,  several  species  of  which,  as 
also  of  Musa,  are  often  cultivated  in  stoves. 

AMAEYLLIDACEiE.    Amabtludb, 

Coh,  Nardssales,  Hook. 

Diagnosis, — Chiefiy  bulbous  and  scape-bearing  herbs,  not  scurfy  or 
woolly,  with  linear  fiat  rootr-leaves,  ana  perfect,  regular  (or  nearly  so), 
6-androus  fiowers ;  perianth  petaloid,  6-parted,  its  tube  inseparate  from 
the  3-celled  ovary ;  the  segments  of  the  limb  imbricated  or  valvate  in 
aestivation ;  anthers  introrse ;  fruit  a  ^valved,  loculicidal  capsule  or  a 
1-3-fleeded  berry ;  seeds  with  fieshy  or  homy  perisperm ;  radicle  turned 
to  the  hilum. — Illustrative  Genera:  Tribe  1.  Amaryllbjb.  Bulbous 
plants,  without  a  coronet.  Oalanthus,  L. ;  Amaryllis,  L. — ^Tribe  2. 
Narcibsb^.  Bulbous  plants,  with  a  coronet  in  the  perianth.  Fan- 
cratiunif  L.  j  Narcissus,  JL. — Tribe  3.  ALSTBCEBiERiKaB.  Fibrous-rooted; 
no  coronet.  Alttrcemeria,  L. — Tribe  4.  Aoavks.  Fibrous-rooted  ;  sepals 
and  petals  alike,  valvate  in  esstivation ;  no  coronet.  Agave,  L. )  Fourcroya, 
Vent. 

AfBnitlM,  fto. — The  floral  formula  may  be  represented  as  follows  :— 
I  p3-^3  A  3+3  G  3.  This  epigjmous  Order  contrasts  with  the  hjyo- 
gynous  Liliac^ee ;  among  its  epigynous  allies,  Iridacead  are  distinguisned 
by  their  3  stamens  and  extrorse  anthers :  its  nearest  allies  are  Hsemodo- 
raceae  and  Hypoxidacese^  the  characters  of  which  are  given  elsewhere. 
The  coronet  of  the  Narci&sees  is  sometimes  regarded  as  a  circle  of  abortiye 
stamens,  but  is  more  probably  an  outgrowth  from  the  tube  of  the 
perianth. 
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Olrtrlbatloo. — A  large  Order,  the  species  of  which  are  generally  diffused, 
but  which,  like  Iridaceee,  have  their  maximum  at  the  Cap6  of  Qood  Hope. 
The  yarcuseta  are  common  in  Europe,  while  the  g[enera  unprovided  with  a 
coftmet  are  very  rare  in  Europe  ana  Nor^  America,  but  aoound  in  South 


QnalitiM  asid  Ums. — ^The  AmaryllidaceaB  are  commonly  characterized 
bj  active  properties,  the  Amaryllea  and  the  NarcissecB  especially  being 
eznedc  and  purgative,  and  even  poisonous;  the  juice  of  the  bulb  of 
StenunUktis  toxicarius  is  used  by  the  Hottentots  to  poison  arrows. 
The  Snowdrop  (Galanthus  nivalis),  Snowilake  (Zeucqfum  vernum),  the 
DaflMil  {yarcissus  Pseudo-Narcissus) y  with  the  other  cultivated  Narcissi, 
JPaicratium  maritirmttn,  &c.,  act  as  emetics.  Others  are  astringent ;  but 
starch  b  washed  from  the  roots  of  some  species  of  Alstrcemaia,  The 
Apaoes  are  exceedingly  valuable  plants,  havmg  abundant  innocuous  sac- 
charine sap,  and  large  leaves  containing  excellent  iibre.  Agave  americana, 
called  by  mistake  the  American  Aloe,  is  the  Hundred-years  nlant ;  but 
the  statement  that  it  lives  100  years  before  flowering  is  fabulous :  it  is 
a  native  of  America,  but  is  naturalized  in  some  parts  of  S.  Europe,  and  is 
planted,  on  account  of  its  large  spiny  leaves,  to  form  fences.  From  this 
and  other  species  is  obtained  Pita  thread,  a  valuable  iibre;  Pulque  (a 
fermented  hquor)  and  a  brandy  distilled  from  this  are  made  by  cutting 
the  bads  out  of  ^^ai;^-plants  and  collecting  the  sap,  which  exudes  in  great 
abundance  when  this  operation  is  performed  just  before  the  flowering 
stem  is  pushed  out ;  these  plants  are  also  called  Maguey-plants.  This 
Order  anords  a  number  of  beautiful  flowers,  more  permanent  than  Irida- 
ce»,  and  often  attaining  a  very  large  size.  Most  of  them  are  annual 
flowerers ;  but  the  Agattes,  having  remarkable  foliage,  like  that  of  the 
Aioe*  in  Liliacea),  produce  flowering  stems  (sometimes  many  feet  in 
height)  after  vegetating  for  a  number  of  years,  whence  the  story  of  the 
Hundied-yeaxs  Aloe.  Stembergia  lutea  is  supposed  to  be  the  Lily  of  the 
fieida  referred  to  by  Christ. 

HypoxiDACBiE  are  a  small  Order  of  epig^nous  Monocotyledons,  nearly 
related  to  AmaryllidacesB,  but  differing  m  their  habit,  havinff  hairy 
foliage  and  no  bulbs,  and  in  their  usually  strophiolate  seeds  having  the 
radicle  distant  from  tne  hilum.  The  6  stamens,  the  imbricated,  distinctly 
petaloid  perianth,  and  the  habit  of  the  foliage  separate  them  from 
Iridacese. — They  occur  scattered  in  the  warmer  parts  of  the  fflobe,  and 
are  apparently  more  or  less  bitter  and  aromatic.  The  tubers  ot  some  are 
eaten. — Genera :  CurcuUgo,  Gsartn,  \  Forbma,  EckL ;  Hypoxis,  L. ; 
Smuridia,  Harv. 

HiBMODORACEJE  are  herbs  with  tibrous  roots,  usually  equitant  leaves, 
and  perfect  3-6-androus  regular  flowers,  which  are  woolly  or  scurfy 
outside ;  the  tube  of  the  6-parted  perianth  adherent  to  the  whole  surface, 
or  merely  to  the  lower  part  of  the  3-celled  ovary ;  anthers  introrse ;  sta- 
mens auperpobed  to  the  petals  when  3 ;  seeds  with  cartilaginous  perisperm ; 
radicle  remote  from  the  hilum. — The  structure  of  the  genera  mcluded  in 
this  Order  is  rather  irregular:  from  Amaryllidaces  they  are  usually 
distii^uished  by  the  woolly  tubular  perianth,  the  equitant  leaves,  and,  in 
acmie  cases,  by  the  8  stamens ;  but  none  of  Uiese  characters  are  without 
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exception  ;  from  Iridsceffi  the  triuidrous  venen  difier  in  the  itomeni  being 
iotrone  uid  superposed  to  the  petals,  wtiicb  last  chuacter  also  separBtes 
them  from  H^'poxidaces.  The  radicle  is  said  to  be  leinota  from  the 
hilum,  B8  in  Hrpoxids ;  while  it  ia  next  it  in  Amaryllida  and  Irids.  Tbe 
VeUua/e  and  Barbaeenia  are  more  or  less  arboreacent,  and  in  some  degree 
branched,  especially  the  furmer,  which  have  a  ver;  reniarkable  aspe«^ ; 
in  many  respects  they  approach  BromeliadB.— The  plants  are  natives  of 
America,  the  Cape,  and  Australia,  and  have  Hometimea  bitter  and  astrin- 
gent prupertiee,  as  AlHris  farinota.  Tbe  roots  often  contain  a  red  matter 
available  aa  a  dye,  whence  tbe  name  of  Blood-roote;  Lachnanthe*  tiiKti/ria 
is  used  in  America  for  dveing.  The  roots  of  several  specieeol 
are  eaten,  roasted,  by  uie  natives  of  Australia, — Genera : 
Sm. ;  Aletri*,  L.;  VeUozia,  Mart.  i^Barbacema,  VandeUL 

IRIDACRS;.    The  Tulq  Oktkb. 

Cok.  Nardsaales,  Sentk.  et  Hooh. 

Diagnosis. — Herbs  with  bulbs,  corma,  or  rhizomes,  eqaitant, 
2-nuked  leaves,  and  perfect,  regular  or  irregular  flowera ;  the  eeg- 
meute  of  the  6-p&rtod  petaloid  perianth  (tig.  467)  convolute   in 


F%.47a 


Fi(.48T.  TertialtHtiDaDftbalow 

Fig.  *6a.  StLgiOKB  of  Croettt, 

riR. 'SB'  LoonUoidaliBpaiilaoflHit 

Fig.  410.  PUn  of  ditto. 

Ttg.  in.  BHtioDofHedor/Hi. 


the  bud  in  2  drclee ;  the  tube  ineeparate  from  the  3-celIed  ovaiy  ; 
Htamena  3,  superposed  to  the  outer  segments  of  the  perianth,  di- 
stinct or  monadelphous ;  anthers  extrorse ;  style  1 ;  etigmas  3 
(fig.  468),  often  petaloid  (Irit) ;  capsule  3-vaived,  loculiddal  (figa. 


PETALOIDSiE.  381 

469  &  470)  ;  seeds  with  horny  or  hard  fleshy  perisperm  (fig.  471). 
— Illustrative  Genera :  Iris,  L. ;  Tigridia^  Juss. ;  Oladiolus^ 
Tounief . ;  Ixia^  L. ;  CrocuB^  Tournef . 


. — ^The  tribes  of  this  Order  (Ixikjb,  Ibideai,  and  Gladio- 
ulb)  are  diatingiushed  by  the  regular  or  irregular  periaath,  the  free  or  in- 
sepwate  stamens,  the  filaments  equal  or  unequal  in  length,  the  form  of  the 

gdgma,  &c.  The  floral  formula  is  |  V  3+3  A  3  (i  fj.  Among  the  epigy- 
coQs  petaloid  Monocotyledons,  the  Iridacese  approach,  by  genera  like 
Croauj  the  Amaryllidaceie,  which,  however,  have  6  introrse  stamens. 
The  same  character  separates  the  epigynous  Bromeliaceae,  which  have 
some  affinity  with  this  family ;  one  plant  of  this  Order,  Eleutherine 
BMomafa,  has,  however,  been  described  as  having  six  stamens,  probably  as 
■s  acddental  occurrence.  Orchidacese  differ  in  the  gynandrous  structure; 
MttantaoeiB  and  Zingiberaceie  in  their  monandrous  state,  as  also  in  the 
chancier  of  their  foliage.  The  little  Order  BurmanniacesB  resembles 
Lridaceae  in  many  particulars,  but  differs  in  some  essential  points  men- 
tioned under  that  order;  and  this  is  the  case  also  with  Xyridacead. 
Gladiolus  has  slightly  irregular  flowers;  Crocus  has  quite  a  regular 
perianth ;  Iris  has  also  regular  flowers,  the  seeming  irre^idarity  bein^ 
dependent  on  the  reflexed  petals  and  the  large  petaloid  styles  which 
ooDceal  the  stamens. 


. — A  large  Order,  difiiised  throughout  tenoperate  and  warm 
cfimates,  hat  especially  abundant  at  the  Cape  of  Good  Hope. 

Qoalltlea  sad  Usesi — ^The  sap  of  many  of  these  plants  is  more  or  less 
acrid,  purgative,  or  emetic,  as  that  of  the  Flags  {Ins)  generallv,  Ferraria, 
St»ffrmMum,  &c.  Saffron  consists  of  the  stigmas  of  the  Sa^ron  Crocus 
(C.  sativtts)  and  of  C.  odorus  (Sicily).  Orris-root,  used  in  perfumery,  is  the 
riniome  of  Iris  Jlorentina.  The  genera  of  this  Order  contribute  a  large 
^haie  to  our  cofiections  of  garden-bulbs,  as  will  be  recognized  from  the 
plants  already  named ;  they  are  more  remarkable  for  their  beautiful  but 
tianaent  flowers  than  for  any  useful  quality ;  the  corms  and  rhizomes  of 
some  are  said  to  be  eaten,  on  account  of  the  starch  they  contain,  by  the 
Hottentots  and  other  races. 


BEOMELIACILE.    The  Pineapple  Ordee. 

Of>h,  Amomales,  Hook. 

Diagnosis. — ^Herhs  (or  scarcely  woody  plants),  nearly  all  tropical,  the 
greater  part  epiphytes,  with  persistent  dry  or  fleshy  and  channelled 
crowded  leaves,  sheathing  at  the  bases,  usually  coverea  or  banded  with 
seuifj  scales ;  perianth  free  or  adherent,  in  two  circles,  the  outer  (sepals) 
often  coherent,  and  differently  coloured  from  the  inner  (petals),  vmicn 
aze  distinct  and  imbricated;  stamens  6;  ovary  3-celled,  with  numerous 
ovules  on  axile  placentas;  style  single;  stigma  3-lobed  or  entire,  often 
twisted;  seeds  numerous,  with  a  minute  embryo  in  the  base  of  mealy 
perisperm ;  the  radicle  next  the  hilum.-^IUustrative  Genera :  Ananassaf 
LindL ;  BromeUa,  L. ;  .SSchmea,  R.  &  P. ;  BiUberffia,  Thunb. ;  PUcaimia^ 
HiSrit;  TiUandsia,U 
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AAnitlet,  9m, — Among  the  Bromeliaceie  are  found  both  epigyno'os  and 
hypogynous  genera,  as  well  as  forms  with  a  partially  adherent  periantli ; 
on  the  whole,  the  tendency  is  to  the  former  condition,  whence  the  Order 
must  be  regarded  as  an  aUy  of  Amaryllidaceae,  from  which  it  diflfers  m 
habit  and  in  the  mealy  perisperm ;  from  IridacesB  it  differs  in  these  parti- 
culars  and  in  the  6-androus  stamens,  while  the  style  and  sti^rma  are 
somewhat  similar.  The  character  of  the  habity  and  the  often  distiiictly 
characterized  calyx  and  corolla,  offer  a  resemblance  to  Hydrocharidacese, 
which,  however,  have  aperispermic  seeds.  The  fruit  vanes  much  in  this 
Order,  being  commonly  capsular ;  but  in  Anaruusa  the  entire  spike  of 
inflorescence,  together  with  the  stem,  becomes  blended  into  a  succulent 
sorosis,  forming  the  fruit  of  the  well-known  Pine-*pple.  The  scurfy  epi- 
dermis of  the  leaves  displays  a  very  interesting  microscopic  structure. 

DlBtrftmtloii. — A  considerable  group,  the  members  of  which  are,  for  the 
most  part,  natives  of  tropical  America ;  but  some  are  now  naturalized  in 
West  Africa  and  the  East  Indies. 


QoalltlM  end  Usea — Chiefly  important  for  the  fruit  of  Ananasga,  fibres, 
colouring-matters,  and  other  economic  products.  BromeUa  Pinffuin  is 
used  as  a  vermifuge  in  the  West  Indies.  Many  of  these  plants  gro-wr 
upon  the  branches  of  trees  (epiphytic),  and  they  appear  to  be  capable  of 
obtaining  the  greater  part  of  tneir  nourishment  from  the  atmosphere ; 
their  rigid,  tough  epidermis  enables  their  succulent  leaves  to  withstand 
the  influence  of  a  hot  and  dry  atmosphere.  TiUandsia  usneoides,  called 
Old-Man's  Beard,  is  a  common  plant,  forming  a  dense  mass  of  dark-co- 
loured flbres,  which  hang  down  from  the  boughs  of  the  trees  of  the  forests 
of  tropical  America,  as  Lichens  do  in  colder  climates.  Most  of  the 
genera  have  brilliantly  coloured  flowers,  sometimes  in  tall  racemes  and 
panicles,  whence  they  are  much  esteemed  as  ornamental  stove-plants. 

HYDROCHARJDACEiE  are  aquatic  herbs,  with  diclinous  or  polyga^ 
mous  regular  flowers  issuing  from  a  spathe  on  the  end  of  scape-like  pe- 
duncles ;  floral  envelopes  in  a  single  or  double  circle,  in  the  fertile  floorers 
united  into  a  tube  and  inseparate  from  the  1-9-celled  ovary;  placenta 
parietal;  seeds  without  perisperm. — Illustrative  Genera:  UJora,  Nutt. ; 
KaUisneruif  Mich. ;  StratioteSf  L. ;  Hydrocharisj  L. 

Afilnltlefl,  Ac-^The  sum  or  combination  of  the  characters  of  this  interest- 
ing Order  keeps  it  apart  from  all  other  Monocotyledons,  while  the  characters 
taten  separately  connect  it  with  many.  The  inferior  ovary  and,  in  the  case 
of  Stratiotes,  tne  habit  connect  them  with  BromeKacese;  the  3-merous 
petaloid  flower  and  aperispermic  seeds  with  Alismaceae;  the  3-merous 

Setaloid  flower  and  S-carpellary  ovary  with  the  Commelynaceae,  which, 
owever,  with  a  superior  ovary,  like  the  Alismacese,  have  perispermic 
seeds.  The  inferior  ovary,  numerous  seeds,  and  general  characters  remove 
them  from  Naiadacesa,  vrith  which  they  are  often  associated  by  habit,  and 
the  Araceae,  with  which  some  would  connect  them ;  their  spathe  is  scarcely 
more  Araceous  than  that  of  AmaryllidacesB.  VaUimeria  and  JEHodea 
(Anacharts)  are  plants  well  known  to  microscopists  for  the  favourable 
opportunities  they  oFer  of  examining  the  rotation  of  the  protoplasm  of 
the  cells.  Hydrocharis,  a  plant  somewhat  like  a  miniature  Water-lily,  is 
common  in  fresh-water  ditches ;  and  its  sepals  and  rootlets  are  equally 
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idi||ted  far  the  microscopic  investigatioii  of  living  tissues.  Ehdea  cano" 
inms  is  the  American  Water-weed,  which  has  increased  so  rapidly  in  our 
csBab  and  ditches  since  its  introduction  from  America  some  years  since. 

Diitriimttoii. — The  species  are  not  nimierous ;  thev  are  found  in  fresh 
water  in  Europe,  N.  America,  E.  Indies,  and  New  Bfolland. 


QoaSiVmnA  Um. — They  appear  to  have  no  very  active  properties. 
r„r_,  '     '  is  said  to  he  astringent. 


Series  2.  Cosokabie^. 
Flower-tube  free  from  the  ovary. 

A.  Stwcabpi^. 

Carpels  united ;  seed  usually  perispermic. 

PHILESIACEL^  are  climbing  or  erect  shrubs  with  coriaceous,  netted- 
ribbed  kaves  and  large  and  showy  perfect  flowers  with  a  0-merous  peri- 
anth in  two  circles,  eo  ual,  or  the  calyx  much  shorter ;  stamens  6,  adherent 
to  the  perianth  at  the  base ;  ovary  1-celled,  with  3  parietal  placentas ; 
ovules  semianatropous  (not  orthotropous,  as  is  commonly  stated). — These 
plants,  confflsting  of  Zapageria  rosea,  a  climbing  shrub  with  beautiful 
mmson  flowers  and  basifixed  anthers,  and  Philesia  buxi folia,  the  flowers 
of  which  differ  chiefly  in  the  marked  diflerence  of  calycine  and  coroUine 
circles  and  the  mode  of  union  of  the  bases  of  the  filaments  and  versatile 
snthers,  differ  from  Liliacese  chiefly  in  the  parietal  position  of  the  pla- 
centas ;  in  habit  Zapageria  is  related  to  Smuax,  and  is  in  some  measure 
intermediate  between  Smilacene  and  Liliacese.  They  are  Chilian  plants, 
now  in  cultivation  with  us.    Zapageria  bears  sweet  edible  berries. 

ROXBURGHLACE^  consist  of  4  species  of  Boxhurghia,  twining 
shrubs  with  broad  leathery  leaves  and  tuberous  roots,  from  the  hotter 
parts  of  the  East  Indies.  Their  habit  connects  them  with  SmilacesB ;  but 
their  perianth  is  composed  of  4  petaloid  pieces,  and  they  have  4  stamens 
with  enlaived  connectives  (each  set  of  organs,  according  to  Griffith,  in  2 
dimerous  circles},  and  the  1-celled  ovary  (formed  of  1  carpel,  according  to 
Griffith)  has  numerous  anatropous  ovules  arising  from  the  base  of  the 
cavity ;  the  sessile  stigma  b  penicillate.  The  fruit  is  2-valved,  with  2 
dusters  of  seeds  attached  on  long  cords;  embryo  in  the  axis  of  fleshy 
perisperm.  The  affinities  of  these  plants  are  not  clear;  but  the  resem- 
blanoe  is  perhaps  greater  to  Paris  than  to  any  other  genus  that  can 
be  named. 

SMILACE^  (thb  Sassaparilla  Ordkb)  conosts  of  herbs  or  climb- 
ing shrubby  plants  with  stalked  netted-veined  leaves,  regular  perfect  or 
dioecious  flowers,  with  the  6-10-narted  perianth  of  the  fertile  flowers  free 
from  the  S-6-  (rarely  1-2-)  cellea  ovary ;  stamens  6-10,  introrse ;  anthers 
adnatOy  basifixeid ;  sMes  or  sessile  stigmas  as  many  as  the  cells  of  the 
ovary,  and  distinct ;  iruit  baccate,  with  few  or  several  seeds ;  ovules  ortho- 
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tropous ;  embryo  minute,  in  hard  fleshy  nerisperm. — Illustrative  (Genera  : 
SmilaXf  L. ;  PariSy  L. ;  TriUiumf  Mill. ;  medeola,  Gh*onoT. 

AfflnltiM,  *«b — The  plants  are  not  separated  by  any  good  characters  from 
the  Asparageous  tribe  of  the  Liliaceee  on  the  one  hand,  while  they  pass 
into  Dioscoreaceae  on  the  other,  from  which  they  differ  chiefly  in  haTine  a 
superior  ovary.  Smil<ix  represents  Smilaceae  proper ;  JVim,  TrUUum^  &c. 
have  the  calyx  unlike  the  corolla,  and  are  sometimes  made  a  separate 
Order,  called 'Trilliace». 

DiBtribTition. — A  considerable  Order  in  point  of  numbers.  Temperate 
parts  of  Europe,  Asia,  and  America.  Many  species  of  'S^mZojr  in  tropical 
America  and  A^a. 


Qoalltlefl  end  Usea — Smilax  has  diuretic  and  demulcent  properties,  for 
which  the  creeping  rhizomes  of  many  species  are  used,  under  the  name  of 
Sarsaparilla,  as  Sm.  medica  (Vera  Cruz),  S.  PurKampfty  (Peru),  S.  mfpki- 
litica  (Brazilian),  8,  officinalis  (Jamaica),  S.  glycyphyUa  (AustraHa); 
Smikix  atpera  and  exceUa,  natives  of  S.  Europe,  have  similar  properties. 
Smilax  China  has  a  fleshy  root,  said  to  possess  similar  properties.  <S. 
IWndo-CTiina  is  largely  used  in  domestic  medicine  in  the  Umted  States. 
Paris,  TrilUunij  and  Medeola  are  more  allied  to  the  active  Liliacess  in  their 
properties.  Paris  quadrifolia,  a  curious  herb  growing  in  ^oves  in  this 
country,  is  said  to  be  a  narcotic  and  poison ;  Medeola  virgmica  is  emetic 
and  diuretic.  The  species  of  TriUium  are  violent  emetics.  Jtuscus  h&s 
curiously  flattened  branches,  from  the  surface  of  which  the  flowers  proceed. 

LILIACEJE.    LiLiBs. 

Coh,  Liliales,  Benth,  et  Hook, 

Diagnosis* — Herbs  with  parallel-veined,  sessile  or  sheathing  leaves, 
rep;ular  perfect  6-  (rarely  4-)androus  flowers,  with  the  petoloid  6- 
merous  perianth  free  from  the  2-3-celled  ovaiy ;  anthers  introrse, 
attached  by  a  point ;  style  single ;  perispenn  fleshy. 

Chara4:ier, 

Perianth  free,  of  6  pieces  in  2  circles  (fig.  472),  distinct  or  united, 
mostly  of  similar  colour,  and  regular.  Stamens  6, 
introrse,  springing  from  the  segments  of  the  p^  ^V-  472. 
rianth.  Ovary  free,  3-celled;  with  numerous 
anatropous  or  amphitropoas  ovules  on  axile  pla- 
centas ;  styles  simple ;  stigma  3-Iobed  or  un- 
divided, sometimes  sessile.  Fruit  dry  and 
capsular,  loculicidally  valvate,  or  succulent  and 
indehiscent;  seeds  with  the  embryo  mostly  in 
the  axis  of  fleshy  perisperm.  Fiower  of  Seuu. 

Illustbativb  Genera. 

Tribe  1.  Ltlieje.    Anthers  introrse:  styles  united:  fnnt  capsular^  locuU- 
cidaL    Tulipa,  L, ;  lilium,  Z. ;  Hyacinthus,  X. ;  Scilla,  L, 
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Tribe  2.  Coijchice-».  Anthers  extrorse ;  styles  separate  ;  fruit  capsular , 
stfiicidal,     Melanthium,  X. ;  Colchicum,  L. ;  Veratrum,  L, 

Tribe  3.  AspABAGELS.  Frvit  baccate.  Dracfiena,  Vand,  j  Convallaria,  L, ; 
A;spidistra,  i2.  Br,;  Asparagus,  Ker;  Ruscus,  Tonrnef. 

AfiBltiM,  *e.— The  floral  fonnula  is  P  3+3  A  3+3  oS.  The  position 
o#  the  parts  may  be  thus  represented: — P  v  +  .\  A  %•  +  .% G  v,  the 
typical  Slonocotjiedonous  arrangement,  but  subject  to  variation  according 
t-j  the  position  of  the  bracteoles  and  other  circumstances. 

The  gzeat  Order  of  LiHaceie  has,  by  Mr.  Baker,  been  divided  into  three 
tribes  as  above.  SmilacesB  closely  resemble  the  Asparageae,  but  all 
liliacesB  have  anatropous  ovules,  and  other  marks  of  distinction  are  cited 
uader  that  Order.  As  aberrant  forms  of  LiliaceSB  may  be  mentioned 
lJriope»  or  OphiooogoncaBf  Conanthereae,  connecting  LiliacesB  jjroper  and 
AmarylfidaceaB,  GniliesieflB  (see  p.  388),  StemonesB  or  Roxburgniacese  (see 

fu  383),  and  Scoliopese.  Looking  only  at  the  more  familiar  forms  of  the 
ifiaceiBy  the  characters  of  the  flowers  are  very  definite,  although  the  habit 
«jf  the  plants  brought  together  in  this  Order  varies  extremely ;  but  there 
€xi5t  certain  genera  of  petaloid  Monocotyledons,  whose  relations  appear 
closest  to  LiliacesB,  which  form  links  of  chains  leading  off  in  very  varied 
directions,  through  the  Orders  of  this  Subcla^.  Tmipa  and  the  allied 
isvoKfa,  with  usually  distinct  lobes  to  the  perianth  and  versatile  anthers, 
are  bulbous  herbs ;  Funkia,  HemerocaUis,  and  other  genera  have  a  more 
<ir  less  tubular  perianth,  and  often  tuberous  roots  instead  of  bulbs ;  Ahe 
has  thick  succulent  leaves  on  a  perennial  stem;  Yucca  has  a  Palm- 
fike  stem  and  rigid  leaves.  Scilia^  AUium,  and  their  allies  are  bulbous 
h^bs,  di^ring  chiefly  from  the  group  to  which  TuUpa  belongs  in  the 
^mly  fixed  anthers,  and  a  membranous  spathe  enclosing  the  inflorescence 
when  young.  Atdhericum  and  others  resemble  the  last,  but  have  tuberous 
«>r  fibrous  roots ;  Aphyllanthes  is  a  plant  with  the  habit  of  Juncaceas  and 
the  flower  of  Loliacess ;  Xanthorrhcea,  a  genus  belonging  to  the  same  group, 
fiirms  a  woody  trunk  like  YuccOf  or  a  small  Palm.  Asparagus  and  its 
alliesy  including  Conoallariaf  SmUacinOf  Ruscus^  &c.,  together  with  the 
arborescent  Ihacafue  and  CordyUneSf  are  Liliacess  with  succulent  fruits, 
and  scarcely  separable  f  pm  Smilace®.  Cananthera  and  its  allies,  with  the 
general  structure  of  LiliacesB,  have  the  perianth  more  or  less  adherent, 
thus  approaching  Amaryllidaceaa.  Wachendarfia,  Zopholia,  and  others 
have  the  free  ovary  of  Liliaceae,  but  triandrous  flowers  and  the  foliage  of 
Hemodoracett.  Aspidistra  beajs  some  resemblance  in  its  foliage  to 
QogiberacesB,  while  the  character  of  the  flowers  approaches  that  of  the 
complete  Araceas.  Ophiopogon  and  Feliosan^hes  are  likewise  doubtfully 
placed  here ;  but  their  structure  is  not  satisfactorily  made  out. 

We  see,  therefore,  that  the  LiUaceas  have  widelv  spreading  relations, 
ahhoogfa  the  typical  forms  are  at  once  distinguisnable.  The  superior 
o?ai7  separates  them  from  AmarvUidaceae.  I%eir  very  near  connexion 
with  SmilaoesD  is  noticed  above ;  they  have  a  more  distant  affinity  to  the 
Palms  and  to  the  Juncaoeae  in  the  general  structure  of  the  flowers,  differ- 
ing from  both  in  habit,  fruits,  and  seeds.  GKlliesiaceaB  and  Pontederaceas 
are  scarcefy  more  than  aberrant  Liliaceas  with  irregular  flowers. 

The  structure  of  the  arborescent  stems  of  Dracana,  Cordyline,  Xari" 
tiorrheM,  Yucca,  &c.  has  attracted  considerable  attention,  since,  contrary 
to  the  usual  habit  of  Monocotyledons,  their  trunks  sometimes  increase 
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more  or  less  in  thickness  with  age.  However,  the  central  axis  coiTespond.« 
essentially  to  that  of  the  Pahns ;  only  a  peculiar  rind  or  false  bark  exists, 
capable  of  increase  by  layers,  somewhat  in  the  same  way  as  the  liber  of 
Dicotyledons. 

Distrilmtion. — A  large  Order,  the  members  of  which  are  very  vaiioui»ly 
and  widely  distributed ;  the  bulbous  kinds  common  in  temperate  climates, 
the  fibrous^rooted  with  them  and  in  warmer  localities:  the  succulent- 
leaved  Aloes  chiefly  S.-Af  rican ;  the  arborescent  forms  mostly  subtropical. 

QaaUtleB  and  Uses. — Many  of  the  Liliacesd  have  active  properties,  and 
the  juices,  the  fibres,  or  the  fruits  afford  products  of  value  m  the  art?. 
The  juice  of  the  succulent-leaved  Aloes  dries  into  a  kind  of  resin,  medi- 
cinal Aloes,  one  of  the  most  valuable  of  purgatives;  the  species  from 
which  it  is  usually  obtained  are  Aloe  spicata,  vtdgaris,  mcotrina.,  &c.     Tht^ 
bulb  of  Urginea  maritima  is  the  Medicinal  Squill,  valuable  as  an  expec- 
torant and  diuretic,  but  emetic  and  purgative  in  large  doses.     Pancrativm 
(often  cultivated  for  its  flowers)  has  similar  properties.    The  leaves  and 
roots  of  Erythronium  (Dog's-tooth),  of  the  Hyacmths  {Hyacmthus  orten- 
talis,  hisitanictts,  Scilla  nutans) ,  and  the  genera  Muscari,  Omithogahtm, 
Gagetty  all  have  emetic  quaUties ;  the  tuberous  fibrous  roots  of  Asparagus 
and  of  the  Lily  of  the  Vidlev  (  Convallaria  majaUs)  are  said  to  be  purgative  ; 
those  of  Solomon's  Seal  (Convallaria  Poh/gonatum)  are  acrid.     The  bulbs 
of  the  Crown-imperial  (Fritillaria  in^rialis)  and  other  species,  and  of  Glo- 
riosa  stiperha,  are  said  to  be  very  poisonous.  The  bulbs  of  the  genus  ABium 
have  milder  properties,  and  at  the  same  time  possess  a  pungent  quality,  on 
account  of  wnich  they  are  extensively  grown  for  food,  the  large  and  nulder 
cultivated  kinds  being  esculent  vegetables ;  the  smaller  and  more  pungent 
are  valued  for  imparting  flavour.  Allium  Cepa  is  the  Onion ;  A*  Porrwn,  the 
Leek ;  A.  sativum,  Ghirlic ;  A.  Schcmopramm,  the  Chive ;  A,  asealonicum, 
the  Shallot ;  A,  Scorodoprasttm,  the  Rocambole : "  Spanish  Onions,"  coming 
from  Spain,  Portugal,  and  Egypt,  are  mild  varieties  of  the  common  Onion, 
the  bulb  growinff  to  a  larger  size,  and  forming  less  of  the  pun^nt  secretion. 
The  bulbs  of  Luium  pomponium  constitute  an  important  article  of  food  in 
Kamtschatka ;  the  tubers  of  Camassia  esculenta  are  eaten  by  the  Nortii- 
American  Indians.  The  woody  roots  of  Drachma  terminaUs  (JuordyUne  Ti) 
are  eaten,  roasted,  by  the  Sandwich-Islanders ;  sugar  and  fermented  liquor 
are  likewise  prepared  from  itajuice ;  its  leaves  furnish  fodder  for  cattle,  as 
do  those  of  tne  Grass-tree  (^nthorrhcea)  in  Australia ;  the  bases  of  the 
young  leaves  and  the  heart  of  the  buds  of  the  latter  are  sometimes  used  as 
esculent  vegetables.     The  table  Asparagus  conasts  of  the  very  youup 
annual  shoots  (turiones)  of  Asparagus  officinalis,  rendered  succulent  by 
cultivation.    Astringent  resins  are  obtained  from  some  kinds :  Dracaena 
Draco,  the  Dragon-tree  of  TeneriflTe,  yields  the  true  Dragon's  Blood,  for- 
merly much  used  in  medicine,  but  now  seldom  met  with,  the  resin  of 
Pterocarpus  (Ijeguminosse)  being  substituted.  Xanthorrhoea  arhorea  yields 
Botany-Bay  Gum,  which  is  yellow,  pungent,  and  smells  like  Benzoin  when 
burnt.     Piormium  tenax  is  the  New-Zealand  Flax  plant ;  the  fibre  of  the 
leaves  is  verv  tenacious,  as  is  that  of  various  species  of  Sametiera,  known 
as  African  tiemp  and  Bowstring  Hemp  in  Africa  and  the  East  Indies 
Active  properties  and  uses  are  attributed  to  many  other  less-known  species. 
A  great  number  of  Liliacese,  hardy  and  tender,  ornament  our  eardens 
and  stoves,  as  will  be  recognized  from  the  list  given  above.    Pwianihet 
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ftAffiMo  is  the  Tuberose,  celebrated  for  its  fragrance.  The  Butcher's 
Bniom  (ICiacus  aadeatus)  is  remarkable  for  its  toliaceous  peduncles  and 
iralhr  afanost  leafless  stems  ;  and  the  fully  developed  flowering-stem  of 
AfparaffUB  has  onl^  needle-shaped  branches  simulatmg  leaves. 

More  or  less  poisonous  qualities  pervade  the  Golcnicum  tribe  (Melan- 
tliaceft  of  some  authors),  with  acrid,  purgative,  emetic,  and  sometimes 
Gucotic  action ;  several  of  the  more  active  species  yield  valuable  medi- 
eiaes.  Of  Colchicum  atitttmruile,  called  Meadow  Saffron  or  Autumn  Oro- 
f a.«,  both  the  corms  and  seeds  are  verv  active ;  Veratrum  albuniy  White 
H-Ileboie,  V.  nigrum^  V.  Sizbadilla,  P'.  viride  (N.  America),  Asagraa 
9fidn4EH8  (Sabadilla  or  Cevadilla  of  Mexico),  all  share  the  acrid  narcotic 
^{ualitlefi,  poisonous  or  medicinal,  according  to  the  dose.  Most  of  the  other 
genera  are  suspicious  or  dangerous,  except  perhaps  the  Uvatarieea  (N. 
America),  which  are  said  to  be  merely  astringent. 

XrsiDACBJB  are  sedge-like  herbs  with  equitant  leaves  sheathing  the 
W  of  a  naked  scape,  which  is  terminated  by  a  head  of  perfect  3-anarous 
flowers,  with  a  glumaceous  calyx,  a  regular  corolla,  and  extrorse  anthers ; 
the  3-Talved,  mostiy  1-celled  capsule  containing  several  or  many  ortho- 
tropouB  seeds,  with  a  minute  embryo  at  the  apex  of  fleshy  perisperm. — In 
hm  these  plants  approach  Cyperacees ;  but  the  flowers  are  petaloid  as 
'n^'^rds  the  inner  circle  of  organs,  or  corolla,  nearly  approaching  Comme- 
lynaceae,  from  which  they  diner  in  having  epipetalous  extrorse  stamens, 
in  the  scaly  calyx,  and  general  habit.  They  are  natives  of  the  tropics  or 
a^joiiOTg  regions.  Various  species  of  Xyris  are  used  as  remedies  for  cuta- 
Gt^iu  antections  both  in  India  and  America. 

COSfMELYNACE-^  (Spideb-worts)  are  herbs  with  fibrous,  some- 
times thickened  roots,  jointed  and  often  branching  leafy  stems,  and  chiefly 
perfect  and  6-androu8,  often  irregular  flowers,  witn  the  perianth  free  from 
^  ^-^^celled  ovary,  and  having  a  distinct  green  calyx  and  a  coloured 
corolla,  each  of  3  parts,  the  calyx  persistent ;  stamens  6,  all  fertile  or  some 
ibortive,  often  very  peculiar  m  form ;  capsule  2-3-celled  ;  seeds  few  (2) 
in  &  oell,  attached  by  a  linear  hilum ;  embryo  pulley-shaped,  remote  from 
the  hilum,  in  dense  fleshy  perisperm.T— Illustrative  Genera:  CammelyfMf 
1^,  Tradeseantia,  L. 

AftadUesiAQ. — ^This  Order,  to  which  belongs  the  garden  Spider-wort 
{TradeKontia  virfftntcd),  may  be  regarded  as  one  of  the  groups  intermediate 
between  the  Orders  with  G-merous  glumoid  ^rianth,  like  the  Juncaceae, 
and  the  petaloid  forms  like  Liliaceae.  The  jointed  solid  stems  of  TVa- 
detettnh'a  are  interesting  in  regard  to  the  comparative  structure  of  Mono- 
^ledonous  stems ;  they  emit  roots  freely  from  the  nodes  like  Grasses. 
The  hairs  of  the  filaments  of  the  stamens  of  T.  virginica  are  classic  ob- 
y^  to  the  botanist,  from  the  discovery  in  them  of  the  rotation  of  the 
<*^p  in  non-aquatic  plants.  The  rhizomes  of  Cammelyna  cfBlestis,  tube- 
^1  and  others  contam  starch  and  mucilage,  and  are  used  as  food  in 
^'^  Some  of  the  species  are  said  to  have  medicinal  properties.  They 
Me  natives  of  India,  Australia,  Africa,  and  the  West  Inoies — a  few  oip 
^orth  America.     Tratkacant^  virginica  is  hardy  in  our  gardens. 

I'oirrsBKBACE^  are  a  small  Order  of  aquatic  herbs  with  perfect 
^oiQ  or  less  irregular  flowers   in  a  spathe ;    the  petaloid,  6-merous 
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perianth  free  from  the  3-celled  oyary;  the  3  or  6  mostly  unequal  or 
dissimilar  stamens  inserted  in  its  tnroat.  They  are  separated  from 
LiliacesB  chiefly  by  the  irregular  flowers,  the  persistent  ^nanth  rolting 
inwards  after  nowering,  and  Dy  the  mealy  perisperm  of  their  seeds. — They 
are  natives  of  North  and  South  America,  India,  and  Africa,  and  do  not 
appear  to  have  any  important  properties.  Some  of  the  TimiederitB  are 
usually  grown  in  stoves  where  were  is  a  tank,  on  account  of  their  blue 
flowers. 

Mayacbjb  condst  of  four  species  of  Mayaea,  little  Moss-like  plants 
occurring  in  America,  from  Brazil  to  Virginia,  separated  from  Comme- 
lynacesB  on  account  of  their  habit,  1-celled  anthers,  1-celled  ovary  with 
parietal  placentas,  and  the  carpels  opposite  the  inner  lobes  (petals)  of  the 
perianth.    They  have  no  useful  properties. 

GiLLiEsiACRJB  are  a  small  Order  of  plants  of  somewhat  anomalous 
structure,  related  to  liliace®  (see  n.  365)  ;  they  are  bulbous  herbs  with 
spikes  of  flowers  which  have  a  dounle  circle  of  petaloid  envelopes,  6  or  8 
subulate  processes,  then  a  cup-like  or  labelloid  oi^gan  bearing  3  or  6  anthers 
on  its  inner  surface,  and  a  3-celled  ovary. — Lindlev  regards  the  petaloid 
envelopes  and  subulate  processes  aU  as  bracts,  and  tne  structure  on  which 
the  anthers  are  borne  as  the  perianth.  Other  authors  are  opposed  to  this 
view.     GiUieaia,  LindL,  and  alieraia^  Lindl.,  are  both  Chilian  genera. 

Philydbace^  are  herbs  with  fibrous  roots,  ensiform  leaves  with 
equitant  bases ;  flowers  within  a  persistent  spathaceous  bract,  with  a  3- 
parted  petaloid  perianth ;  2  upper  segments  conerent  into  one ;  3  coherent 
stamens,  of  which  the  2  laterid  are  Darren  and  petaloid,  and  the  middle 
has  a  two-celled  anther,  the  whole  acUierent  to  tne  anterior  lobe  of  the 
perianth ;  the  pollen-cells  are  coherent  in  masses  of  four ;  the  ovary  supe- 
rior, 3-celled,  tne  odd  cell  anterior,  with  azile  placentas ;  seeds  numerous, 
with  an  embrvo  in  the  axis  of  fleshy  perisperm. — ^This  Order  consists  of 
two  plants,  PhUydrum  kmuginosum  (Australia)  and  HeteBria  pygnieta 
(China),  exhibiting,  with  a  superior  ovary,  appeaiances  analogous  to  those 
in  the  epigynous  group  of  Orchidaoess  and  tneir  allies.  Lindlev  regards 
them  as  related  to  CommelynacesB  and  Xvridaceae ;  but  they  would  appear 
to  be  rather  a  kind  of  perigynous  Zingiberaceae.  They  have  no  known 
uses. 

B.  Afocabpls. 

Carpels  usually  distinct ;  seed  aperispermic. 

ALTSMACE^. 

Coh.  Potamales,  Hook.  Fig.  473. 

Diagnoms, — Marsh-herbs,  mostly  with  broad  petiolate 
leaves  and  scape-like  flowering  stems ;  flowers  perfect  or 
monoecious,  with  a  double  perianth,  consisting  either  of 
a  green  calyx  and  a  coloured  deciduous  corolla,  or  of  2 
circles  of  green  scales,  each  of  three  pieces  (fig.  473) ; 
ovaries  3,  d,  or  numerous,  more  or  less  distinct,  and 
separating  into  as  many  nuts ;  seeds  campylotropous  or 
anatropous ;  embryo  doubled,  hook-shaped,  or  straight,    pj^  oMow«r  <A 

without  perisperm.  THgloekin :  X,  bract 
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Illustrativb  Genera. 


Sobord.  1.  JuNCAOiNEJE.    Ftri'  \  ActinocarpuSy  H,  Br. 


Sagittaria^  X. 

Subord.  3.  BuTOMEiB.  Intei*nal 
circle  of  perianth  coloured:  ovules 
numerous  all  over  the  inner  surface 
of  the  carpels ;  embryo  curved, 

Butomus  ,  Tovmef 
Limnocharisy  H.  ^  B. 


enth  icakf  ;  anthers  always  extrorse ; 
i,vde  inverted;  embryo  straight, 

Trigiochin,  X. 

Scheuchzeria,  L, 

Subord.  2.  Ai^ismeje.  Internal 
circle  of  the  perianth  coloured;  ovules 
soHtaru  or  twin;  ovule  and  embryo 
curved, 

AUjsma,  Juss, 

AlBnltles,  fte. — ^The  Alismea  bear  considerable  resemblance  to  the  Dico- 
tyledonous Order  Kanunculaceae,  while  Butomea  have  been  compared 
with  the  NjmphseaceaB  on  accomit  of  the  curious  placentation ;  but  there 
U  hardly  any  real  relationship  in  this  latter  case.  On  the  other  hand,  the 
AUsme€e  hare  some  similarity  to  the  Commelynacese,  from  which  they  are 
separated  by  the  aperispermic  seed.  This  structure  of  the  seed  agrees 
with  that  o/^Naiadacese,  with  which  this  Order  is  connected  by  the  Jun- 
caginete.     Scheuchzeria  in  this  last  division  approaches  Juncaceae. 

IHsbrfbntioii. — A  small  group,  the  members  of  which  inhabit  marshy 
bcalities  in  all  parts  of  the  world ;  most  abundant,  perhaps,  in  temperate 
chmatee. 


QnAlities  and  Uiea. — ^An  acrid  property  is  common  in  the  foliage  and 
in  the  rhizomes,  but  the  latter  are  sometimes  fleshy  and  farinaceous,  and 
then  mar  be  eaten  after  the  acridity  is  removed  by  cooking.  Sagittaria 
fiwnsis  IS  cultivated  for  food  in  China.  Many  are  very  handsome  aquatic 
plants,  and  are  cultivated  for  the  sake  of  their  flowers. 


NAIAD ACE^.    The  Pond-weed' Obdeb. 

Coh.  Potamales,  Hook, 

Diagnosis, — Immersed  aquatic  plants,  with  jointed  stems  and 
sheathing  stipules  within  the   petioles,   or  with         Ym,  474, 
sheathing   bases   to  the    leaves;    inconspicuous, 
moncBcious,  dioecious,  or  perfect  flowers,   which 
are  naked  or  have  a  free,  scale-like  perianth ;  the 
ovaries  solitary  or  2-4  and  distinct,  1-celled,  1- 
ovuled;    seed  aperispermic;   embryo  straight  or 
carved  (fig.  474),  with  a  thin  membranous  testa. 
—Illustrative  Genera :  Naias,  Willd. ;  Zostera,  L. ;  ^^j^^°^l  ^ftZtm 
Ruppia,  L. ;  Zannichellia,  Michel, ;   Potamogeton^    remoVedtmndioie; 
L. ;  Apanogeion,  Thunb.  t^^'^''''*  *^  ^^"^ 

AftnitlM,  *e. — ^This  Order  agrees  with  HydrocharidacesB  and  Alismace® 
in  the  structure  of  its  seeds,  but  differs  in  the  simpler  organization  of  the 
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inflorescence,  which,  as  also  its  perianth,  is  like  that  of  Spadidflorse,  ^hich, 
however,  is  connected  with  that  of  Alismaceae  in  Scheuchseria.     Decaisne 
and  Maout,  following  A.  de  Jussieu,  keep  distinct  the  Juncagineae,  Apono- 
getese,  Potamead,  and  Naiadese,  all  of  which,  with  the  exception  of  the 
iirst,  are  here  included  under  NaiadaceaB.   The  groups  established  or  main- 
tained by  the  authors  just  cited  are  collectively  characterized  by   the 
absence  of  a  perianth  or  at  least  of  a  petaloid  perianth,  while  they  are 
separated  one  from  the  other  by  the  form  and  direction  of  the  emoryo, 
wnich  is   straight  and  slender  and  with   the  radicle  next  the    hilum 
in  JimcagineaB,  swollen   and  with   the  radicle   away  from  the    hilum 
in   ZosterOf   swollen  and  with  the    embryo  so  curved  that    both   its 
extremities  are  near  the    hilum  in  Potamese,   swollen  and  vrith  the 
radicle  directed  to  the  hilum  in  Naiadeae.     The  form  of  the   stigmas, 
whether    entire    and    truncate    or    linear    and  divided,   is    also  relied 
on  to  distinguish  the  several  groups.    Some  authors  consider  the  in- 
florescence really  spadiciflorous,  and  regard  the  scaly  perianth,  when 
present,  as  consisting  of  bracts  surrounding  imperfect  unisexual  flowers ; 
and  this  idea  is  supported  by  the  spathe-hKe  bract  which  oocurs  in  some 
genera  (2k>stera,  &c.).    From  this  point  of  \iew  they  are  related  to  Lem- 
uaceae ;  but  the  character  of  the  seeds  is  diverse.    The  structure  of  these 
plants  is  generally  very  simple,  consisting  chiefly  of  cellular  tissue  of  very 
delicate  organization ;  in  uuvirandra  the  lamina  of  the  full-grown  leaf 
becomes  a  delicate  lattice-like  plate,  the  interspaces  between  the  ribs  being* 
de8ti*oyed  during  expansion.     Zostera  is  remarkable  for  its  pollen-grains 
being  tubular  and  destitute  of  an  external  coat 

Distiitmtloii»— The  species  are  numerous,  and  are  met  with  in  still,  fresh 
and  brackish  water,  and  in  the  sea  (Zostera),  in  all  parts  of  the  world. 

Qoalltiei  and  Uses. — ApparenUy  destitute  of  active  properties.  The 
leaves  of  Zostera  marina  are  collected  and  dried  on  the  sea-coast  as  a 
material  for  packing,  filling  mattresses,  «&c. 


Division  II.  Spadiciflorsd. 

Monocotyledons  with  flowers  usually  on  more  or  less  fleshy, 
simple  or  branched  spikes  (spadices),  with  or  rarely  without  spathes. 
Perianth  biseriate ;  segments  uniform,  herbaceous  or  none. 

EzceptioiiB,  ac. — ^This  group  is  one  readily  recognizable,  though  not  easily 
defined  in  words.  It  is  subject  to  many  exceptional  and  transitional  forms. 
In  Pahns  the  structure  of  the  perianth  is  like  that  of  some  Idliacese  or  Jun- 
cacese,  but  the  segments  are  more  fleshy ;  the  Lenmacese,  usually  considered 
the  lowest  representatives  of  the  Aroid  type,  have  so  few  flowers  that  the 
spadiciform  peduncle  does  not  represent  this  structure  very  clearly,  but  it 
is  surrounded  by  a  spathe.  Taocaceaa  resemble  Aracesa  in  habit,  but  their 
flowers  are  more  complete.  The  inflorescence  is  of  the  same  general  cha- 
racter throughout,  but  with  many  modifications. 
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PALMACE^.    PAI.M8. 

C<jh.  pBlmaka,  Bertth.  tt  Hook. 

Diagnosis. — Trees  or  shruba,  mostly  with  a  eimple  unbranched 

inmt  (fig.  478),  occaeionallj  slightly  ramified,  ^^  ^jg_ 

with  large  terminal  clusbirs  of  mostly  compound, 

or  deeply   divided    atalked   leaves,   the    alalks 

'ibeathijig  at  the  base ;  tlowerB  imisexual  or  per- 
fect, with  a  double  S-merous  herbaceous  perianth, 

OQ  a  mostly  branched  scaly  apadii  enclosed  by 

ipotbe  (Sg.  475)  ;    stamens  G,  hypogynoua  or 

pfrigjnouB ;  ovary  of  1-3  free  or  coherent  car- 
pels ;  ovules  solitary,  rarely  two  ;  fruit  baccate ; 

wds  with  a  minute  embryo  imbedded  super- 

ticisUy  in  horny,  fleshy,  or  bony  periaperm. — 

liliunativeGenera;  Chamixdorea,\\ iHd.;  Areca, 

L ;  Ceroxylon,  H.  &  B. ;  Can/ota,  L.  ;   Calamus, 

L ;  Saijus,  G-fortn. ;  Bvrasttis,  L. ;  Lodoicea,  La- 

M.;  Sahid,   Adans. ;    Chamaa-o]>i,  L. ;  BJtajiis, 

L  fil. ;  Phanix,  L. ;  Altalea,  H.  B.  K. ;  HUiia, 

Ixn. ;   Cocoa,  L. 

AttDliiM,  ke, — The  Palma  form  a  very  natural 
Crder,  including  a  greal  number  of  plau^  varying 
l"!  1  tonuidtraWe  eitout  amoug  thprnatjlves,  but  atpa-  b_.i,p  md  bmochod 
ntcd  by  very  distinct  characters  from  the  rest  of  the  ipaS^  of  Attncaiytn* 
HiinoCDtyledonB.  They  as  a  rule,aBSUQie  an  arboree-  rvigar: 
ivnl  chMacter,  the  stem  being  formed  on  the  same  fiindamental  plan  as 
tWaccBmonally  occulting  in  other  Orders  of  Monocotyledons:  the  stem 
■il  ihe  Calamoid  Palms  b^rs  much  resemblance  to  that  of  the  Bamboo 
UDongthetiraasee;  the  forms  with  scarcely  developed  intern  odes,  marked 
f  iteiiilly  by  the  acani  of  the  fallen  leaves,  agree  essentially  with  those  of 
Y'vta,  Xanthorrhaa,  &c. ,  except  that  the  fibrous  cortical  region  is  little  de- 
>dopedaud  does  not  exhibit  growth  by  successive  layers  as  la  those  plants; 
tb^  Ifyphittu*,  which  have  a  branched  stem,  seem  to  ramify  in  the  same 
*iy  u  the  Vciiama,  by  a  bifurcation  resulting  fi'om  the  occaaonaldevelop- 
n.iit  of  an  axillary  bud,  which  manifests  a  power  of  grovrth  equal,  or 
uevly  so,  to  that  of  the  termii^al  bud.  The  ranufication  of  the  trunks 
iWe  ground  is  a  rare  phenomenon ;  but  it  is  vety  common  for  suckers  to 
w  Knt  out  from  the  bases  of  the  stems  below  tbe  soil,  imitatiRg  on  a 
Wbb  scale  the  appearance  of  the  young  bulbs  aroimd  the  parent  in  the 
WWous  Monocotyledons.  Tbe  parencliyniatoua  substance  of  the  stem, 
I"  *hich  the  fibrous  structures  are  imbedded,  varies  much  in  consistence : 
Ninutinies  it  becomes  lignified,  and  gives  a  sofid  character  to  the  trunk, 
u  in  the  Cocoa-nut  Palm ;  sometimes  it  is  soft  and  spongy  internally,  as 
in  the  Ssgo-palnut,  becoming  filled  at  certain  scasona  witn  starch.  The 
■{a^cifarm  mflorescence,  unfolding  &om  within  a  large  foliaccous  spathe, 
MDuects  the  I'alnis  with  the  Araceie,  a  relationship  further  indicated  by 
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the  low  tjpe  of  structure  of  the  floral  enTelopes ;  but  there  ii  K  geDeT»l 
teudencj  to  union  of  the  sezeB  hate,  and  a  difference  in  the  portion  of 


Fig.  477. 


the  embryo  within  the  perispeno — not  to  dwell  upon  the  wide  divendtv 
of  ^neru  BtTucttu«  and  habit.  The  reirular  ternary  amiigemeDt  of  the 
flowers,  the  C  stamens,  and  the  3-can>ellary  Buperior  ovary  approximate- 
this  family  to  the  Liliace«i,  in  which,  towevcr,  the  habit  diflere  in  almost 
eveiT  respect,  hesides  the  frreat  diverdty  of  the  fruits  and  Beeds.  The 
floral  formula  of  a  perfect  Palm  flower  is  thus  that  of  stypicalMonocotyip- 
don,  but  variations  occur  horn  puppreB«ion  of  parts  and  in  accordance 
with  the  relative  pa'ition  of  the  bracteolos,  &c.  The  inflorescence  of  the 
Palms  is  in  some  coses  axillary,  allowing'  of  indefinite  arowth  of  the 
trunk  by  the  terminal  bud ;  in  other  cases  it  is  terminal,  and  the  flowenna- 
of  the  plant  then  puts  a  period  to  the  term  of  growth  (sometimes  as  much 
as  30  years),  the  trunk  dying  af^r  the  ripening  of  the  fruit  (like  the  main 
fllem  of  the  Agavf),  but  occasionally  perpetuating  itself  by  subterraaeam 
axillary  suckers.  Sometimes  the  axiliary  inflorescence  breaks  out  from 
above  the  cicatrix  of  a  long-fallen  leaf,  on  the  bare  part  of  the  stem.  Tlw 
flowers  are  generally  very  numerous ;  it  is  said  that  the  male  inflorescence  of 
the  Date  may  bear  12,0(K)  flowers,  and  that  a  bunch  of  some  of  the  South- 
American  Palms  will  bear  3000  fruits.  In  Al/ontia  aim/ffdaUna  207,000 
flowers  have  been  computed  on  a  angle  spadii,  or  600,000  on  one 
plant !    There  is  very  conddcrable  apparent  variety  of  form  and  struci  uit> 
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of  tiie  ripe  fruit  in  this  Order,  eauly  reducible,  however,  to  a  single  tyne. 
As  a  rale,  there  are  8  carpels,  either  distinct  or  united  into  a  d-celled 
oTsiT,  each  carpel  commonly  producing  1  ovule ;  in  Cocoa,  however,  2 
oat  of  the  3  cells  are  rudimentary,  and  thus  only  one  ovule  is  developed 
even  at  first;  in  Areca  and  others,  3  distinct  cells  and  ovules  originally 
exist;  in  ChatfUBropt  and  Phoenix  the  3  carpels  form  separate  1-ovuled 
ps^ls;  in  Borassut,  a  3-celled,  d-ovuled  ovary  exists,  and  the  same  in 
jUdoictiL,  In  the  course  of  the  maturation  of  the  fruit,  the  pericarp  be- 
CQo^s  variously  developed,  and  more  or  less  of  the  ovules  or  ot  the  distinct 
simple  ovaries  are  aborted.  In  Cocoa  the  pericarp  is  developed  around  the 
one  perfect  cell,  externally  as  fibrous  husk,  internally  as  the  woody  shell 
of  the  nut ;  the  fleshy  part  of  the  nut  (hollow)  constitutes  the  albumen 
of  the  seed  surrounded  by  a  brown  testa;  and  uie  embryo  is  lodged  in  a 
c&rity  in  the  substance  of  the  perisperm,  at  one  side,  near  the  base  (fig. 
477).  In  ArecOy  2  out  of  the  3  cells  and  ovules  are  abortive ;  the  pericarp 
ripens  into  a  fibrous  husk  round  a  solid  seed,  chiefly  composed  of  horny 
laminated  perisperm  (the  Areca^nut).  In  Chamarops  and  Phoenix,  1  out 
of  the  3  Bunple  ovaries  ripens  into  a  beny ;  the  pericarp,  becoming 
the  pulp  (Date),  contains  a  ''  stone  "  or  seed,  which  is  a  solid  mass  of 
homv  perisperm  with  the  embryo  imbedded  in  a  small  ca\ity  a  little  be- 
Qeatb  the  surfieu^  (fig.  476),  its  place  being  indicated  by  a  papilla  on  the 
surface.  In  Borastua,  all  the  ovules  become  developed,  and  form  3  fibrous 
^  etonee "  in  the  fruit.  In  Lodoicea  it  often  happens  that  2  or  even  3 
omke  coalesce  during  ripening,  forming  large,  hollow,  double  or  triple 
nuts,  of  the  same  character  as  the  Cocoa-nut,  enclosed  in  a  large  fibrous 
huak  (these  are  the  **  Double  Cocoa-nuts  "  of  the  Seychelles  Islands). 
InSa^ug  and  other  genera  the  ovary  is  clothed  with  imbricated  scales 
pointing  to  the  base,  which  ripen  into  woody  structures,  forming  a  peculiar 
uaid-scaled  covering  to  the  fruit.  These  scales,  according  to  8pruce,  are 
rudimentary  leaf-blades  [scales  P]  reflected. 

The  subdivisions  of  the  Order  depend  upon  the  habit,  foliage,  nature  of 
the  fruit,  attachment  of  the  seed,  position  of  the  embryo,  &c. 

DMUlUuUon. — A  large  Order,  consisting  of  about  a  thousand  species, 
chiefly  tropical ;  scarce  as  regards  species  in  Africa ;  a  few  advancing 
into  temperate  latitudes  in  North  America,  Europe  and  Asia,  and  New 
Zealand.  Remains  of  Palms  have  been  found  in  the  Upper  Cretaceous 
and  more  recent  rocks. 

Qualities  and  Usefl. — Having  (apparently)  no  noxious  properties,  the 
Jf^  varied  products  of  this  noble  Order  of  plants  render  them  of  an 
importance  to  man  second,  perhap,  only  to  that  of  the  Cereal  Grasses. 
Their  juices  and  secretions  lumisn  sugar,  starch,  oil,  wax,  and  resins;  fer- 
mentation of  the  juices  of  many  produces  spirituous  liquids.  Some  have 
edible  fruits  of  great  importance ;  the  succulent  buds  of  others  are  used 
M  esculent  vegetables ;  their  leaves  are  applicable  to  countless  uses,  from 
thatching  huts  to  plaiting  mats  and  hats ;  the  fibrous  substance  of  the 
sheathing  petioles  furnishes  materials  for  cordage,  or,  when  more  solid, 
supplies  a  valuable  substitute  for  bristles  and  whalebone ;  the  fibrous  husks 
of  the  fruits  afford  textile  materials ;  the  trunks  of  some  kinds  become 
valuable  timber;  and  the  hard  perisperm  of  the  seeds  of  several  kinds  is 
very  largely  used  for  turners'  work  connected  with  cabinet-making  &c. 

^cchariiie  juice,  furnishing  sugar  or  fermented  liquid,  according  to  the 
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use  made  of  it^  is  obtained  abundantly  by  cutting  the  unopened  spatbes 
of  Can/ota  wens,  Cocos  nucifera,  BorasmsJlabelliformiSf  Bhapis  wmferay 
SayvjtitLS  (Ai^enga)  saccharifei',  Fhcenix  $ylvestris^  Mauritia  vinrfera,  JElais 
yutneermB,  and  others ;  starch  is  obtained  abundantly  from  the  central 
parenchyma  of  the  trunk  of  Sagtts  Jtumphiif  Mttroxylon  Ueve^  Soffuerua 
sacchanfer^  Fhamix fariniferay  &c.    Oil  is  obtained  especially  from  the 
African  Oil-Palms  {Elais  gtdneentis  and  E,  melanococca),  the  fruits  being 
crushed  and  the  oil  extracted  from  the  perisperm  by  boiling  in  water ; 
Cocoa-nut  oil  is  obtained  from  the  perisperm  or  the  seed ;  wax  is  excreted 
on  the  lower  sur&ce  of  the  leaves  of  Copeitiicia  ceriferay  on  the  trunk  and 
between  the  leaves  of  Ceroxylon  andicola.    Calamus  Dreu^,  Ifyphntne,  and 
others  have  a  resinous  matter  in  their  juices.    The  most  important  fruits 
are  those  of  the  Date  (P/ujmtj:  dactylifera)  and  the  Cocoa-nut  {Cocw 
nucifera) ;  the  fruit  of  Hyphtsne  Uiebaicay  the  Egyptian  Doum-palm,  is 
also  eai»n ;  and  the  seeds  of  Arecha  Catechu  (Betel-nuts)  are  Tery  largely 
Uix$d,  in  the  East  Indies,  for  chewing  with  the  leaves  of  the  Betel  Pepper. 
The  fruits  of  some  of  the  Palms  are  acrid  (Caryotaf  Soffuerus) ;   the 
acridity,  however,  is  removed  by  soaking  in  lime-water,  and  they  are 
eaten   preserved  with  sugar.    The  Indian  Cabbage-palm,  of  which  the 
buds  are  eaten  boUed  like  cabbages,  is  A^'eca  oleracea ;  Euterpe  montana  ia 
Uded  in  the  same  way.    Fibrous  substance  is  derived  from  the  husk  of 
the  fruit  of  the  Cocoa-nut  (Coir),  Astrocmyum  mUgare,  Attalea  funifeta^ 
and  others;  the  bristle-like  Hassaba  tibres,  used  for  brooms,  are  from 
Leopoldina  Piassaba.    The  wood  of  the  Cocoa-nut  Palms  is  haid,  durable, 
and  handsome  (Porcupine-wood) ;  Boraama  fiaheUifortnia  yields  what  is 
called  Palmyra-wood.    Nuts  suitable  for  turning  are   adbrded  by  the 
seeds  of  AttaUa  funifera  (CoquiUa  nuts)   and  Fhytelephas   tnacrocarpa 
(Vegetable  Ivory).    The  resin  known  as  Dragon's  blood  is  yielded  oy 
Calamus  Draco, 

Common  canes  are  the  stems  of  Calamus  Scipiomtmf  Zalacca  ruden- 
tumy  &c.  Partridge  canes,  used  for  walking-sticKs,  &c,  are  stems  of  an 
unknown  Palm.  The  petioles  of  Chamarops  hutmlis  are  used  for  walk- 
ing-canes in  Italy ;  and  the  fibre  of  the  leaves  of  this  plant  is  now  coming 
extensively  into  use  as  a  substitute  for  horse-hair.  The  foregoing  is  only 
a  brief  summary  of  some  of  the  best-known  uses  of  these  plants ;  similar 
products  and  applications  are  connected  with  a  great  number  of  other 
species  besides  those  here  mentioned.  Several  species  are  cultivated,  for 
tne  grandeur  of  their  foliage,  in  our  stoves ;  and  some,  such  as  JvAxea 
spectabilis  and  Chanuerops  eucelsa,  are  sufficiently  hardy  to  be  grown  out 
of  doors  in  the  south  of  England. 

PANDANACE.^  (SciiEW-PiNE8)are  treesor  shrubs  of  Palm-like  habit, 
but  often  dichotomously  branched,  with  the  leaves  sheathing  at  the  base, 
imbricated  in  3  spiral  ranks ;  flowers  numerous,  naked  or  scaly,  male  and 
female  or  polygamous,  arranged  densely  on  a  simple  or  generally  branched 
spadix  furnished  with  numerous  spathaceous  oracts ;  anthers  stalked, 
2-4-celled ;  ovaries  mostly  grouped,  l-ceUed,  with  solitary  or  numerous 
ovules  on  parietal  placentas ;  fruits  with  a  fibrous  husk,  l-seeded,  arranged 
in  groups,  or  manj^-celled  berries  with  many-seeded  cells ;  embryo  minute, 
imbedded  at  the  side  near  the  base  of  the  fleshy  perisperm. — fllustrative 
Genera :  Suborder  1.   Pandane^.  Flowers  nakea ;  leaves  simple.  Faur 
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dgmitf  L.  fiL ;  Fyeycinetia,  Qwid. — Suborder  2.  CYCi*ANTHKiB.  Flowers 
iBostly  with  a  perianth ;  leaves  fan-shaped  or  pinnate.  Cwludoviea,  K. 
1&  P. ;  Sipa,  Kiunph. ;  Cydanthus,  Poit. 

UBnftiM,  ftob — This  Order  is  related  on  the  one  hand  to  the  Tvphacess 
br  the  inflorescence,  which  redembles  that  of  Sparganium  ;  on  the  other 
\o  the  Palmaceae,  which  the  Cyclanthece  approach  in  habit  and  foliacre. 
The  branching'  stem  and  the  large  aerial  roots  of  Pandanus  (fig.  10,  p.  19) 
ire  exceedingly  curious. 

]>iftrflnitlon. — ^Tropical:  the  Pavidanea  chiefly  in  the  East-Indian 
Uands,  Mauritius,  ore ;  the  Cyclantheee  American.  Fossil  Pandanads 
hate  been  observed  in  the  Upper  Chalk.  Nipa  is  common  in  the  Eocene 
deposits  of  the  mouth  of  the  Thames. 

QoaUties  and  Uses. — ^The  seeds  are  edible;  saccharine  fermentible  juice 
flows  from  the  cut  spadicee  of  Nipa  and  other  species ;  the  leaves  and 
tibres  are  used  for  cordage,  plaiting  hats,  &c. 

Typhacejb  are  marsh-herbs,  with  nerved  and  linear  sessile  leaves  and 
monoecious  flowers,  on  a  spadix  or  in  heads,  destitute  of  a  proper  perianth, 
which  is  replaced  by  3  or  more  scales  or  a  tuft  of  hairs  ;       x"     ^^o 
stamens  1-6,  distinct  or  monadelphous ;  anthers  innate;       ^^S'  ^'^* 
•JTwv  solitary,  1-celled ;  ovule  solitary,  pendulous ;  em- 
bTvoin  the  axis  of  mealy  perisperm  (fig.  479) ;  radicle  next 
the  hilum. — ^The  habit  and  general  appearance  of  these 
plsnts  resemble  those  of  Cyperacese,  and  the  hairs  of  the 
flowers  of  Ti^pha  are  analogous  to  those  of  Eriophorum ; 
hat  they  belong  to  the  Araceous  type,  and  the  structure 
of  Uieir  inflorescence  approaches  closely,  in  Sparganium 
^^pscially,  to  that  of  Pandanacefie,  which,  however,  have 
tb«  ripe  fruits  more  or  less  blended  into  a  mass.    There      Section  of  teed 
bUsoeome  resemblance  in  the  inflorescence  and  in  the  otTypka. 

flowers  to  Platanacea^. — The  plants  grow  in  ditches  and  marshes  in  most 
P»U  of  the  world. — ^The  rhizomes  of  Typha  contain  a  certain  amount  of 
starch,  and  the  young  shoots  of  Bulrushes  (T»  latifoUa  and  T.  angusti- 
foka)  are  sometimes  used  as  esculent  vegetables,  like  those  of  Asparagus. 
[The  abundant  pollen  is  also  nutritious,  and  is  made  into  a  kind  of  bread 
in  Sdnde,  in  New  Zealand,  and  elsewhere. 


AROIDACEiE. 

Coh,  Arales,  BerUh.  et  Hook, 

^gnogis. — Plants  with  acrid  or  pungent  juice,  simple  or  com- 
I^und,  often  prominently-veined  leaves,  and  monoecious  or  perfect 
Covers  crowded  on  a  spadix,  which  is  usually  surrounded  by  a 
We  bract  or  spathe  (fig.  480);  perianth  wanting,  or  of  4-6 
^fes ;  fruit  usually  a  berry ;  seed  with  the  embryo  in  the  axis  of 
mealy  or  fleshy  perispenn,  or  occasionally  aperispermic. 


SYSTSIUTTO  BOTANT. 

Fig.  4S1. 


ID.  ipatfav,  uu]  ^ifdiK. 


Illusthativb  Grkera. 


Subord.  1.  Abacks.      Ftotrtri 
imperfect ;  tpadix  turrouMded  by  a 

AruiD,  L. 
Colocoaia,  Say. 
Caladium,  VetU. 
BiefFenbnchia,  Schutt. 
RichttrJia,  Kunlh. 


Subord.  3.  Oromtiace.*.  Flowrrt 
perfect,  mottU/  with  a  perianth ;  mw- 
dix  eurrtmrukd  by  a  tpalhe  or  naked. 
Tribe  1.   With  a  gpathe. 
CailB,  L. 
Pothos,  L. 
Tribe  2.    Without  a  spatke. 
Orontiiun,  L. 
Aconis,  L. 


Putboideee,  MonsteniideiG,  Lwijoideie,  I'liilodendroidete,  AfrltWDcimoidefe, 
Colucaeioideee,  Stauroatigmoideffi,  Amideie,  PiatioideEe,  and  Lenuiotden. 
Tbe  principal  characters  rolied  on  to  distingiiifib  theao  groups  are  the 
presence  or  nbeence  of  laticiferous  Teasels,  the  presence  or  abaeDce  of  H  or 
H  shaped  intereellular  hairs,  the  nrmng^eDt  of  the  leaves  and  shoots, 
the  Teoation  of  the  leaves,  the  hi-  or  unisexual  flowers,  the  presence  or 
absence  of  a  perianth,  the  direction  of  the  ovules,  &c.  &c. 

The  floral  formula  for -4  con**  is  Pv  +  .".  A"."+.'.  O  ■.■,  the  ordinary 

MonocotyledonouB  form.     In  other  genera  great  raodiBcatloM  arbe  from 

suppression  of  parts,  &c 

AfflQltlei,  *o.— The  peculiar  thieltened  fleshy  flowerinff  stem  densely 

Tered  with  flowers  of  rudimentary  structure,  forming  the  tpadix  of  tJiU 
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Order,  together  with  the  spathe  met  with  in  most  cases^  g^ve  the  group  a 
«'faftncter  of  habit  which  is  generally  very  distinct ;  some  genera,  however, 
Mu:h  aa  AcoruSy  depart  from  this  form,  and  approach  the  TyphacesB  or 
(.]yp^raoe«B  in  aspect,  with  which  the  spadiciflorous  structure  at  the  same 
time  unites  them ;  they  have  further  relations  with  the  Pandanaceae,  and 
aL«o  with  the  Palmacese,  in  which  the  inflorescence  shares  the  spadici- 
donnis  characters ;  and  although  the  ^rianth  is  much  more  definite  and 
higfalr  developed  there,  its  presence  m  Acorus  and  OrorUtum  of  this 
Older  forms  a  connecting  link.  Lemnaceee  are  closely  related  here,  and 
periisps  should  he  reganied  as  the  simplest  form  of  Aroids;  but  the 
conditions  are  so  simple  there  that  it  is  more  convenient  to  separate  them. 
From  Naiadacese,  in  which  the  inflorescence  is  moreover  hardly  spadi- 
ciflorous, the  Aroids  are  easily  distinguished  by  the  character  of  their 
^eeda.  The  Aracess  are  either  herbs,  sometimes  with  very  lai'ge  leaves 
and  apathes,  or  their  stem  becomes  more  or  less  developed  and  branched, 
so  as  to  give  them  a  shrubby  character ;  while  others  are  epiphytic  and 
climbing  plants,  producing  aerial  roots  like  the  Orchids.  The  leaves  are 
of  the  moat  varied  character  in  this  Order. 


. — A  large  Order,  not  numerous  in  temperate  climates,  but 
represented  there  by  Arunij  CcUla,  and  AcoJtu,  Most  abundant  in  the 
tropics,  especially  in  forests  and  the  lower  regions  of  mountains. 

Qualities  and  Uses. — The  juices  of  the  Aroids  are  {generally  acrid  and 
dangerous,  some  verv  poisonous ;  but  heat  seems  to  dissipate  the  noxious 
principles.  The  acridity  is  replaced  by  agreeable  aromatic  pungency  in 
Acorus  Calamus,  The  corms  and  rhizomes  often  contain  much  starch, 
which  is  extracted,  and  purified  by  washing,  from  Arum  macuUUum 
\  Portland  Arrowroot) ;  wnile  the  corms  of  Arum  indxcumy  Amorpho- 
phaOus  campanuiatus,  Caladium  Incolor,  Colocasia  esculent  a  (^'Cocoes'*  and 
"Eddoesy"  West  Indies),  C,  macrorMza  (''Tara,"  South-Sea  Islands),  and 
V.  Jdmaiayefms  are  eaten,  roasted  or  boiled.  The  rhizomes  of  C€dla  palua- 
tris  aie  also  eaten  after  thorough  washing.  Dieffenbachia  seguina,  the 
•'  Domb-cane  "  of  the  West  Indies,  is  so  called  from  the  inflammation  of 
the  tongue  and  fauces  produced  by  chewing  it;  Dracontium  pertusum 
(remarkable  for  its  perforated  leaves)  has  blistering  properties.  Symplo- 
carjms/ostidus,  the  *'  Skunk-cabbage  "  of  North  America,  is  very  foetid,  as 
is  also  the  newly  opened  inflorescence  of  Arum  DracunculuSy  A,  italicum, 
lod  others,  which  produce  sickness  and  serious  indisposition  in  some 
constitatioiis.  Jiiehardia  qfricana  is  the  white  spathed  *'  Trumpet-Lily  " 
of  our  conservatories.  The  species  of  JPhUodenaron  are  very  handsome 
stove-plants.  Anthurium  Scherzerianum  is  particularly  noticeable  for  its 
briUiant  scarlet  spathes  and  its  twisted  spadix. 

LEMN AOE^  are  minute  stemless  nlants,  floating  free  on  the  water, 
either  destitute  of  distinct  stem  and  foliage,  as  in  £emnaf  or  consisting 
of  tofts  of  leaves  connected  by  filiform  runners  (Pisiid) ;  producing  few 
monoecioiis  flowers,  surrounded  by  a  spathe.  from  a  chink  at  the  edge  or 
upper  surface  of  the  frond,  or  in  the  axils  of  the  leaves ;  stamens  definite, 
(sometimes  monadelphous;  ovary  1-celled,  with  I  or  more  erect  ovules, 
from  the  base  of  Uie  cell ;  fruit  a  1-  or  more-«eeded  utricle ;  embryo 
itfaraight,  in  the  axis  of  fleshy  perieperm. — Lemna^  the  genus  to  which  the 
common  Duckweeds  belong,  is  one  of  the  simplest  representatives  of  the 
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Phanerogams,  composed  of  a  stem  consistiiig  of  2  or  3  small  leaf-like 
lobes  producing  little  filiform  roots  below,  and  ultimately  displajin^c  a 
scale-like  spathe  at  the  margin,  enclosing  the  inflorescence,  reduced  to 
two  naked  and  unisexual  flowers ;  the  male  flower  consistinp^  of  one  or 
two  stamens,  the  female  of  a  simple  pistil.  Wblffia  is  still  more  simple, 
inasmuch  as  it  consists  of  a  flat  green  plate  homologous  with  the  thailos 
of  Cryptogams,  on  which  is  placed  one  male  flower  consisting  of  a  single 
stamen  and  one  female  flower  consisting  of  a  single  carpel.  From  the 
under  surface  near  the  ed^e  protrudes  a  small  bud,  by  which  the  plant  is 
reproduced  vegetati^ely.  It  may  be  thus  represented  A 1  G  1 ,  the  =  in- 
dicating the  thalloid  stem.  Pisfia,  also  represented  by  little  floating  water- 
plants,  has  distinct  tufted  leaves,  and  the  tufts  are  connected  by  flagelliform 
branches  like  the  runners  of  a  Strawberry.  The  spnthes  are  liere  axillary, 
and  they  enclose  separate  male  and  female  flowers  seated  on  distinct 
parts  of  the  central  line  of  the  spathe,  which  would  appear  therefore  to 
be  a  branch,  like  the  leafy  peduncle  of  Ritscus,  or  else  it  has  the  spadix 
or  peduncle  adherent  to  its  inner  face.  By  some  these  genera,  with  Am- 
brosifu'a,  is  included  under  true  Arads.  The  Lemnaceie  are  the  lowest 
forms  of  the  Aroid  type  of  Monocotyledons,  and  are  related  by  habit  to 
the  NaiadacesB. — The  LemruB  occur  chiefly  in  cool  climates ;  FisHa  princi- 
pally in  the  tropics.  Pistia  appears  to  possess  acrid  properties ;  but  the 
plants  are  of  little  importance,  except,  perhaps,  as  tending  to  purify  the 
stagnant  pools  and  ditches  in  which  they  abound. — Qenera :  Lemtui,  L. ; 
Pistia,  L. ;  Ambrosinia,  L. 


Division  III.  Glumifloro. 

Monocotyledons  with  the  flowers  collected  into  close  spikelets 
or  heads  or  in  loose  cymes ;  perianth  glumaoeous,  biseriate,  or  none. 
Leaves  sheathing.     Seed  perispermic. 

Exceptions,  &o. — The  perianth  in  this  group  when  present  is  either  dnr 
and  scaly  or  bristly — not  fleshy  or  herbaceous.  In  Jnncaceee,  &c.,  it  is  quite 
regular  and  eucyclic ;  in  Sedges  it  is  often  wanting ;  in  Grasses  it  is  scaly 
and  surrounded  by  glumes.  The  term  ^*  glume  *'  is  often  used  vaguely  to 
signify  either  a  bract  or  a  perianth-segment  It  is  therefore  preferable  to 
use  the  adjective  term  glumaceous.  The  habit  is  often  characteristic; 
thus  we  speak  of  a  sedge-like  or  rush-like  habit,  implying  a  rhizome 
with  erect  generally  unbranched  stems,  clothed  at  thel)ase  with  scaly 
leaves.  Grasses  vary  much  in  habit,  as  described  under  that  Order.  Naiads 
have  a  glumaceous  perianth,  but  differ  in  most  other  particulars  from  the 
Orders  here  associated.  Xyrids  differ  technically  in  the  possession  of  a 
true  corolla. 

JUNCACILE.    EusHES. 
Coh.  Liliales,  Benth,  et  Hook, 

Diagnosis. — Grass-like  or  sedgy  herbs,  with  fibrous  roots,  or  a 
subterraneous  rhizome,  with  jointed  stems,  often  cf^tate  inflores- 
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(«nce,  and  a  regular  persistent  perianth  of  6  similar  scale-like  pi©(!e8; 

stiuiiena  fi,  or  rarelv  3,  with  introrse  anthers  ; 

orary  1-3-oelled,  p'roctiicing  a  S-valved,  3-  or  *'8-  ^^■ 

Hianv-w^pd,  or  sometimes  a  1-celled  and, 

by    suppression,   l-seeded  capsule :    embryo 

minute,  in  fleshy  horny  perisperm;  radicle 

inferior. — Illustrative  Genera :  Lunula,  DC. ; 

•/kmciu,  DC, :  Narthftium,  Mcehr, 

f^iwi—,  fee, — With  JuDcacfm  sre  inclitdpd  by 
LiodleT  a  numtior  of  pfenera  which  are  retfiirded 
Bs  douhtful,  or  e!>tab1ii<hi'd  as  separate  Orders  by 
Home  writers,  such  as  Aatelioie,  aj^roup  of  wnolly- 
l.«T^  epiphvtic  plants  of  the  Boutnem  hi>mi- 
!-phpn>,  and   Kinirieas,  plants   with   a   stem  like 

XoMOtorrlura    sad  a    l-seedtid    fruit,    and    eonia  Teranj  tana  at 

itber*.     The  genua  Junnu  (Rush)  connects  the  Litntia. 

4.>ider  to  Liliai^eie,  fnim  which  the  chief  diiforeDce  lies  in  the  habit,  the 
mall  embryo,  and  the  glumaceous  character  of  the  Ke^rmeDtx  of  both 
drcle|  of  the  perianth;  Sarthecium  coDQects  them;  from  XyridacefB 
the  latter  character  divides  thpm.  Xa-atr*  appro. ichea  the  Palms  in  the 
chanu^ter  of  the  flowers ;  and  this  is  lusociated  with  Ktiufia,  which  has 
so  arborescent  hsbit.  The  scaly  perianth  connects  them  with  Cyperaceie, 
ReMiscene  rtanding  between  ana  di/Terin^  from  Juncaceie  in  trifling 
points,  which  will  be  noted  under  that  Order. 

Dtatrtbntloa. — A  considerable  group,  the  members  of  which  are  natives 
chiefly  of  cold  nr  lemperste  reji^ons ;  some  occur  in  tropical  Australia. 

QnaUtla  and  Uses. — l\'ithout  important  properties  in  most  casea. 
The  leaves  of  Rushes  (species  of  Jancu»)  are  iarfrelv  used  for  making 
mats,  chair-bottoms,  .Itc. ;  and  the  parenchyma  or  "  pith  "  of  the  cylin- 
drical leaves  and  stems  whs  much  used  until  recently  for  making  the 
wicks  of  rushlights :  this  subslsnce  has  a  beautiful  microscopic  structure, 
being  formed  of  regular  steiliform  cells. 

Desvaitxiack^  are  little  sedge-like  herbs,  with  (flumaeeous  flowers 
in  a  terminal  spsthe ;  glumes  1  or  2 ;  pales  0,  or  represented  by  scales 
puallel  with  the  glumes;  ovariea  ususlly  several,  sometimes  consoli- 
dated, each  with  a  pendulous  ovule ;  stnmens  1,  or  rarely  2 ;  anthers 
1-celled;  seeds  perisperraic ;  embn'o  terminal. — These  little  plants,  chieflv 
nstive*  of  Australia,  are  of  small  importanre,  encept  ns  repreaenting  one 
nf  the  tvpes  of  the  Glumscoous  condition  of  Slnnoeotyledons.  Tbev  ditTer 
from  CyperaceiB  in  hating  several  l-ceiled  ovaries  more  or  less  coterent, 
(IT,  if  a  solitary  orarv,  it  is  l-carnellary ;  the  anthers  also  are  l-celled,  and 
the  embryo  terminal,  as  in  Rentiacere  :  but  they  have  only  one  stamen,  a 
1-celled  ovary,  and  a  utricular  fruit  bursting  longitudinally. — Genera : 
CeutrtJepu,  Labill.  i   Ommardia,  Oaudich. 

ERIOCATILACE.1E  are  aquatic  or  marsh-herhe,  stemless  or  short- 
itemmed,  with  a  tuft  of  fibrous  roots,  and  a  cluster  of  linear,  often  loosely 
cellular,  grasa-like  leaves,  and  naked  scapes  sheathed  at  the  base,  bearing 
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dense  heads  of  monoecious  or  rarely  dioecious,  small,  2-3-inerous  flower?, 
each  in  the  axil  of  a  scarious  bract ;  the  perianth  double  or  rarely  simple, 
scarious ;  the  anthers  2-celled|  introrse ;  the  fruit  a  2-3-celled,  2-d-seeded 
capsule ;  seeds  pendulous,  winged  or  hairy,  with  a  lenticular  embryo  at 
the  end  of  the  perisperm  remote  from  the  hilum.  The  membranous  tube 
surrounding  the  ovary  represents  the  corolla^  and  thus  places  this  Order 
intermediate  between  the  Glumaceous  Orders  and  the  Xyridaoeae,  which 
lead  on  through  OommelynacesB  to  the  Liliacese  and  their  allies. — The 

J)lants  are  mostly  natives  of  America  and  Australia.    JErioanUon  septanfff§~ 
are  occurs  in  the  Western  Islands  of  Scotland  (Skye). 

RESTIACE^  are  herbs  or  under-shrubs,  generally  without  perfect 
leaves;  stems  usually  with  slit-convolute  leaf-sheaths;  with  spiked  or  ag- 
gregated glumaceous,  mostly  unisexual  flowers ;  perianth-segments  gluma- 
ceous, 2-6,  or  seldom  0;  stamens  2-3,  adherent  to  the  inner  perianth-seg- 
ments ;  anthers  usually  1-celled,  rarely  2-celled ;  ovary  superior,  1-d-oelled, 
odd  cell  anterior,  '.* ;  ovule  solitary  in  each  cell,  pendulous ;  seeds  peri- 
spermic,  embiyo  terminal. — Principally  distinguished  from  Cyperaoeae  by 
tne  pendulous  seed  and  terminal  lenticular  embryo,  further  aLx>  by  the  leaf- 
sheaths  being  slit ;  from  the  Juncace»  by  the'  same  characters,  by  the 
stamens,  when  3,  being  opposite  the  inner  glumes,  and  bv  the  usually 
1-celled  anthers.  They  are  without  the  membranous  perianth  between  the 
glumes  and  the  ovary  which  occurs  in  Eriocaulace» ;  while  Xyridacese, 
among  the  Petaloideae,  have  the  floral  envelopes  in  2  circles,  of  which  the 
inner  is  petaloid.  From  Desvauxiaoeee  thev  differ  in  having  2  or  3  sta- 
mens, and  if  with  a  1-celled  ovary  usually  2  styles,  and  the  distinct 
perianth.  In  Lept/rodia  hermaphroaita  the  flower  has  six  stamens,  and 
the  arrangement  is  typically  Monocotyledonous,  the  odd  cell  of  the  ovary 
anterior. — The  species  occur  chiefly  in  Australia  and  South  Africa ;  one 
occurs  in  Chili.  The  tough  wiry  stems  have  economic  uses,  for  basket- 
making,  thatching,  &c.  Genera :  ResUo,  L.;  Tkamnochortfis,  Berg.;  Zam- 
procauhs,  Mast. ;,  WiUdenoria,  L. 

CYPEEACE^.    Sbdobs. 

CoA.  Glumales,  Benth,  et  Hook. 

Didgnosis. — Grass-like  or  rush-like  herbs,  with  fibroas  roots  and 
solid  stems,  closed  tubular  leaf-sheaths,  without  ligules,  and  spiked 
perfect  or  unisexual  flowers,  one  in  the  axil  of  each  of  the  gluma- 
ceous imbricated  bracts,  destitute  of  any  envelopes  or  with  a 
tubular  bract  (figs.  484  &  486),  or  with  hypogynous  bristles  or 
scales  in  its  place  (fig.  483) ;  stamens  definite,  hypogynous,  1-7  or 
10  or  12 ;  anthers  2-celled ;  the  1-celled  ovary  with  a  single  erect 
anatropous  ovule  forming  in  fruit  a  utriculus  containing  a  seed 
with  a  lenticular  embryo  enclosed  in  the  base  of  perisperm. 

Illustrative  Gknbba. 

Eriophorum,  Z» 
Cyperus,  L, 
Papyrus,  WiUd, 


Carex,  Mich, 
Kobreeia,  WiUd. 
SchcBuus,  L, 
Cladium,  JR.  Br, 


Isolepis,  R,  Br, 
Scirpus,  L, 
Eleocbaris,  R.  Br 
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Fig.  483. 


Fig.484. 


Rf.  408.  Hover  of  Eriopkorwm.  Fig.  484.  Female  flower  of  Omr^x. 

Fig.  485.  Section  of  the  wme,  ahowing  the  OTuy. 


•—This  large  Order  of  Glumaceoua  plants  resembles  in  many 
Teepecta  the  Ghrasses,  but  has  several  marked  distinctiye  characters,  tIz. 
tlie  tabular  leaf-sheaths,  the  usually  angular  and  solid  stems,  the  general 
reduction  of  the  floral  envelopes  to  a  single  bract  or  glume  (2  ad(&tional 
gfamiSB  exist  in  Cdrex  and  some  other  genera,  and  hypogjnous  bristles  or 
s^fe  in  Sdrpus,  Eriophorum,  &c.),  and  the  fact  of  the  embryo  being 
enclosed  centrally  in  the  base  of  the  perisperm  of  the  seed.  From  Resti- 
aoes,  some  of  which  resemble  Sedges  in  habit,  they  are  distinguished  by 
the  oect  seeds,  by  the  1-celled  ovary  being  formed  of  2  or  3  carpels,  and 
by  the  leaf-sheaths  not  being  slit    The  floral  formula  for  the  male  flower 

of  Canx  is  A*.',  for  the  female  flower  G .-.,  the  brackets  indicating  the  bracts. 

Oadhan  has  a  succulent  fruit.  The  subdivisions  of  the  Order  depend  on 
the  distichous  or  imbricated  bracts  (glumes),  general  or  partial  fertility, 
open  or  closed  utricle,  degree  of  development  of  perianth  after  flowering, 
pKBenoe  or  absence  of  staminodes,  foi-m  of  base  of  style,  nature  of  fruit,  &c. 
The  tubular  bract  of  CareXj  sometimes  called  the  ^^  utricle  "  (an  objectionable 
term  as  it  may  be  conf us^'d  with  the  form  of  fruit  so  named),  is,  according 
to  McNab  ana  Dyer,  a  foliar  organ,  single,  or  perhaps  of  two  congenitally 
united,  in  whose  axil  the  flower  is  produced. 

INstrtlmtloau — ^Universally  diffused,  especially  in  marshes  and  about 
running  streams.  Carex  and  Scirpus  belong  chiefly  to  cool  climates, 
Cfff/arus,  Marucui,  and  others  to  warmer,  while  some  appear  ubiquitous. 
Seajmt  triqueter  is  found  in  Europe,  South  America,  and  Australia.  In  a 
fosol  atate  they  are  first  recognized  in  the  Lower  Miocene. 

QnaHtliMi  and  Uses. — ^The  plants  of  this  Order  are  generally  devoid  of 
aedve  properties,  and  are  less  nutritious  than  the  Grasses ;  but  some  have 
bitter  and  astringent  properties,  while  others  are  regarded  as  diaphoretics. 
Several  of  them  have  some  economic  value.  The  rhizomes  oi  Cyperus 
hmffM$  are  astringent,  those  of  C,  rotundua  contain  an  aromatic  oil ;  the 
creeping  stems  of  Carex  hirttty  arenaria,  and  other  species  have  been  used 
as  sub&tutes  for  Sarsaparilla.  The  rhizomes  of  Cyperw  eeculeTUus,  C, 
hulbotutf  and  some  other  plants  of  this  Order,  being  tuberous  and  devoid 
of  noxious  properties,  are  used  locally  as  articles  of  food.  Papyrus  anti- 
tmorumj  a  tall  Sedge,  with  a  spongy  pith,  is  celebrated  as  having  furnished 
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the  ancients  with  a  kind  of  paper,  made  hj  cutting  the  pith  into  laminse. 
which  were  laid  one  upon  another  and  pressed,  thereby  becoming  glued 
together  hj  their  own  sap.  Its  stem  was,  and  is  still,  used  for  Dasket- 
making,  mats,  &e.,  like  various  Sdrpi  &c.  The  species  of  jErtofiharum, 
the  CottonH?rasses  of  our  moorlands,  produce  a  nock  of  cottony  liair» 
around  the  iruit,  sometimes  used  for  stuffing  cushions,  &c.  Carex  arenaria 
(fig.  26,  p.  81)  and  C.  incurva,  growing  on  sandy  sea-shores,  are  very  effi- 
cient in  binding  the  shifting  sand. 

GRAMINACE^.     Gbasses. 

Coh.  Qlumales,  Benth,  el  Hock. 

Diagnosis. — Monocotjledons  (mostly  herbaceous,  rarelv  \roody 
and  arborescent),  usually  with  hollow  stems,  with  solid  joints  at 
the  nodes ;  leaves  alternate,  distichous,  with  tubular  sheaths  slit 
down  on  the  side  opposite  the  blade,  and  a  ligule  (p.  52,  figs.  59, 
60)  at  the  base  of  the  blade ;  the  fruit  grooved  on  one  side,  embryo 
outside  the  perisperm. 

Fig.  487. 


Fig.  486. 


Fig.  488. 


Fig.  4Se.  Spikelet  of  Awna:  a, a,  fflomes;  6,  ft, flowering  glumea  or  outer  pttlaKoffloreta. 

Fig.  487.  Compoond  ipilie,  with  BpDceletB,  of  Lolmm. 

Fig.  4S8.  FloKt  of  Av€fM :  ft,  flowering  glume ;  ft*,  awn ;  ft',  pale». 

Oharticter. 

Inflorescence  spicate,  the  flowers  arranged  in  spikelets  or  Ucusttr, 
which  are  again  aggregated  in  spikes,  racemes,  or  panicles  ;  per- 
fect, or  sometimes  monoecious  or  polygamous.  Spikelets  mostly 
with  two  alternate  and  unequal  dry  scaly  bracts,  called  glumes^ 
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loTOung  a  coinmoa  inralQcre  enclosing  the  florRts  (6g.  486) 
tbeonter  glume  aometimeB  absent.  Flowtn  2  or  many,  or  r&rely 
(tUttrj  with  abortiTe  rudiments  of  others,  altercate  on  the 
nchia  nithin  the  glumes,  more  or  lesa  OTerl&ppiog  from  below, 
aod  each  enclosed  within  the  sxil  of  a  flowering  glume  (or  outer 
fi»,  fig.  486,  b},  which  is  a  bract  often  provided  with  an  awn, 
and  the  palea  (inner  palea,  fig.  483,  b')  which  ia  two-nerved  ; 
IhFjMrtantA  is  representad  by  2  or  3  hypogynoua  ecalee  (lodieulcr, 
Eg.  489,  X,  x)  sometimes  wanting ;  if  2  in  number,  collateral,  if 


fig.  489. 


Rg.490, 
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Fig.  492. 


ao^edon 


ft  m.  PMu  oi  _  _ 

r*VI.  e«tiaB  orHI— 

•.jtmavit. 

3,  the  odd  one  posterior,  diatinet  or  united.  Stamam  hypogy- 
MQa,  1-4,  or  6  or  more  (uaually  3,  the  odd  one  anterior),  1  oppo- 
site the  flowering  glume  (alternate  with  the  2  scales) ;  filaments 
Mpillary ;  anihtn  veraatiie.  Ovary  superior,  1-celled,  with  one 
Mwnding  ovule ;  tlyla  2  or  3,  rarely  confluent ;  tUgnuu  feathery 
orhiiry  (fig.  491).  FmU  a  caryopsie,  with  an  inseparable  peri- 
<arp:  embrro  lying  on  one  side,  at  the  base  of  farinaceous 
peraperm  (figs.  490,  492). 

IU.rSTItAITTS  ObrRBA. 


Tiiba  1.  Pantck^.  SpikeUUar- 
'•^^'i-Otd  ehtety  belma  the  lowett 
9-'^/,  2-,  ray  rarely  A-fioyxred: 
yp"  jimte  akoayt  conUiinmg  the 
'^■jtpafrrt  and  (mh/ fa-tikJlatBer  ; 
■""  "/  ^Otdel  ntvar  produced  be- 
y*'  1^  Jlmterrug  ghtme  ;  ludicki 
■""■  more  tfcm  2. 

Pimcum,  L. 

S«t*rU,£. 

Sotyhum,  i%r». 

.Wmpogon,  L. 

Caix,L. 


Tribe  S,    Phai.arii>kx.      Spike, 
left  articulated,  eometimet  a*  in  Pa- 
1,  and  sometimfg  at  the  base  of 


thep 


irthcm 


t^parenUy  \-Jiowtred :  outer  empty 
glumes  Uaeraliy  comprteted,  often 
united  of.  the  bane,  longer  tAan  the 
rest  !  JUnOfring  glamr  terminal, 
hairy,  mlh  2  rudimentary  giuniet 
belom  it;  othfTwisf  at  in  Paniceie. 
Phalarie.  L. 
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Tribe  d.  PoACEJB.  SpikeUU 
fmtaliy  articulated  above  the  Urwett 
glumey  1-  or  many-Jlowered ;  lowed 
jhwer  umaVy  perfect,  termwaifiatoer 
very  rarely  more  perfect  than  those 
below  it ;  axis  of  the  spikelet  alnwet 
invariably  terminated  fty  an  imper- 
fect glume,  which  is  frequently  r&- 
duced  to  a  small  point  or  bristle ; 
Iodides  generally  2,  sometimes  3; 
stamens  1-3,  rarely  6;  fruit   al- 


ways shorter  than  the  Jtowering 
ghine, 

AffToetiSy  X. 

Stipa,  X. 

Oryza,X. 

AyenayX. 

Festuca,  X. 

BromuB,  X. 

Bftmbusa,  X. 

Hordeum,  X. 

Triticuin,  X. 


AlBnltiM,  A«. — The  tribes  above  mentioned  axe  thoee  adopted  by  General 
Monro,  the  leadingr  authority  on  this  immenae  and  difficult  fanoily.  The 
description  of  the  Graas-inflorescenoe  above  given  is  in  aocordanoe  with 
the  most  modem  views  of  botanists.  According  to  this  interpretation , 
the  outer  and  inner  glumes  axe  involucral  bracts  common  to  all  the  floweni 
of  the  snikelet^  the  outer  palea  or  flowering  glume  is  a  bract  in  the  axil  of 
which  tne  short  axis  beanng  the  flower  springs.  Tlus  short  axis  bears  the 
inner  palea  or  '^  Vorblatt,"'  consisting  perhaps  of  two  bracteoles  united 
together.  The  perianth  consists  of  two  looicles  placed  oollatamlly, . . : 
the  androedum  is  made  up  of  3  stamens,  the  oda  one  anterior,  '.* ;  the 
gyniBcium  of  two  carpels.     The  entire  flower,  omitting  the  bracts  and 

bracteoles,  may  therefore  be  thus  represented,  P . .  A  *.-  G".  To  harmonize 
this  arrangement  with  that  typical  of  Monocotyledons,  vi«.  P  •••+.•.  A'.'+ 
.'.  G  *.-,  it  must  be  assumed  tnat  three  outer  parts  of  the  perianth,  one 
(posterior)  part  of  the  inner  perianthial  row,  three  stamens  of  the  inner 
row,  and  one  (anterior)  carpel  are  suppressed.  Now  in  Streptochata  spi- 
cata,  according  to  DoU,  the  ordinarily  missing  parts  are  present,  and  the 
Monocotyledonous  symmetry  is  restored,  its  flond  formula  being  identical 
with  that  just  given.  In  Bamboos  and  in  Stipa  the  third  Iodide  (pos- 
terior) is  present.  In  diandrous  Grasses  {Anthoxanthum)  the  outer  stamen 
is  wanting ;  in  most  Grasses  the  inner  petal  (lodicula)  is  absent.  The 
inner  (double)  pale  is  absent  in  Alopecwus,  Pamcumf  &c. ;  in  Lolium  and 
Leptunis  the  outer  glume  is  absent;  in  addition  to  which  the  few-flowered 
spikelets  of  very  many  genera  contain  abortive,  unisexual,  or  neutral 
florets,  consisting  of  rudimentary  pales.    The  comparison  of  the  typical 

floral  structure  of  Monocotyledons,  P  3+3  A  3+3(^3,  with  that  of 
Grasses  in  general  may  be  indicated  by  placing  the  numbers  referring  to  the 

suppressed   organs   in    italics,  thus: — ^P-h^j -|-A3-f«5Q^.    By  Robert 

Brown  and  many  others,  the  flowering  glume  and  the  inner  palea  were 
looked  on  as  constituting  three  sepals  oif  a  calvx ;  but  the  outer  palea  or 
flowering  glume  bdongs  to  a  different  axis,  is  inserted  lower  down,  and 
encirdes  tlie  floral  axis  at  the  base,  and  the  inner  palea  is  a  bracteole. 

Link  looked  upon  the  lodicula  as  analogous  to  tine  scales  in  the  throat 
of  Narcissus,  therefore  apparently  as  representing  the  Hgules  of  metamor- 

S hosed  Grass-leaves.  The  remarkable  awn  which  is  produced  on  the 
owering  glume  of  many  Grasses,  more  or  less  free  from  its  lamina,  is 
regarded  by  some  authors  as  a  barren  devdopment  of  the  axis  of  the 
spikelet;  wnich  would  make  the  inner  pale  the  subtending  bract  of  the 
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dower.  And  it  has  been  ooniudered  that  the  occaaional  appeaorance  of  a 
iowtr  on  the  upper  part  of  the  outer  pale  of  monstrous  flowers  of  the 
Nepal  Barley  (Jzordnwn  eodeste)  also  indicates  (his  glume  to  be  a  bract 
wiUi  in  abortive  floral  axis  adherent  to  it.  The  outer  pale  of  viyiparous 
Grasses  (t.  e.  plants  with  the  splkelets  developing  tufts  of  leaves)  often 
appears  as  a  rudimentary^  leaf  with  ligular  processes  at  the  junction  of  the 
ra^imJ  and  laminar  regions,  and  thus  as  a  simple  lea£ 

The  ligiile  has  been  considered  an  adnate  stipule  or  pair  of  connate 
stipules;  it  seems  more  ample  to  regard  it  as  an  excrescence  from  the 
opper  part  of  the  sheathing  petiole.  The  cotyledon  of  Qrasses  is  usually 
TiZher  thick  and  applied  to  the  perisperm.  Many  other  explanations  have 
been  given,  but  tnis  is  the  simplest  and  most  m  accordance  with  struc- 
tofe  and  azialogy.  In  Cout  and  some  other  Grasses,  some  portions  of  the 
^elet  or  of  the  flower  assume  a  bony  character ;  at  other  times,  as  in 
some  of  the  Bamboos,  the  parts  of  the  flowers  become  succulent  and 
berry-like.  In  Streptochata  apicata  and  in  AnomochJoa  marantoidea  the 
dower  is  solitary  and  terminaL  In  Anomochloa  the  Iodides  are  replaced 
by  a  row  of  fibxilln  (DolR 

The  stems  of  Bambma  nave  the  habit  even  of  some  Palmaceie,  while 
the  stmctore  of  the  seed  approaches  that  of  Araoeffi.  But  the  nearest 
allies,  in  both  habit  and  structure,  are  of  course  the  Cyperaoese :  one 
distinetive  mark  between  them,  the  hollow  stem,  suffers  exception  in 
Sae^armn  and  various  Grasses  of  hot  climates;  the  creeping  rhizomes 
of  ordinary  Qrasses  are  also  commonly  solid.  The  supposed  diversity  of 
itroctore  of  the  stem  of  Grasses  from  that  of  other  Monocotyledons  is 
imaginary ;  their  culms  are  simply  fistular  states  of  the  structure  existing 
in  TradeteanUa  virginica,  which,*  like  Grass- stems,  roots  freely  at  the 
nodes.  The  habit  of  the  Grasses  familiar  to  us  in  Britain  is  uniformly 
beibaceous ;  but  Saccharum  and  some  southern  forms,  such  as  ArunJo 
Ikmax,  Bamcum  tpeeUthiU,  FesttteaJlabelkUa,  &c,  attain  the  dimensions  at 
least  of  shrubs ;  and  BambuM  is  arborescent,  having  a  woody  stem  50  or 
U)  feet  or  more  in  height. 

Dtetrilmtlon. — Constituting  one  of  the  largest  natural  Orders,  the  Grasses 
are  imiversally  distributed,  and  in  temperate  climates  appear  in  vast 
numbers  of  individuals,  forming  the  principal  mass  of  the  verdure  covering 
the  surface  of  all  but  utterly  barren  soiL  The  great  extent  of  their  cul- 
tiration  is  also  remarkable,  and  still  more  the  aosence  of  information  as 
to  the  native  countries  of  the  Grain-grasses,  which  have  been  objects  of 
anlHcial  culture  from  before  the  memory  of  man.  Rye,  Barley,  and  Oats 
are  the  hardier  grains ;  Wheat  is  the  chief  grain  of  temperate  and  warm 
temperate  climates,  being  associated  in  the  latter  with  Maize  and  Rice, 
which  form  the  chief  grains  of  the  tropics, — ^Maize  more  particularly  in 
America,  Rice  in  Asia,  and  both,  locally,  in  Africa,  Rice-growing  being 
dep^ident  upon  the  possibility  ot  irrigation.  Various  Millets  {Sorghum^ 
^anievm^  &c.)  are  largely  grown  in  Africa  and  Asia,  and  to  some  extent 
in  South  £urope.  The  Grasses  of  warmer  climates  are  more  tufted  and 
l^  gregarious  in  growth,  acquire  greater  stature,  are  sometimes  arbores- 
cent, and  very  frequently  present  the  moncBcious  or  polygamous  condition 
of  the  flowers.  Grasses  in  a  fossil  state  have  been  found  in  the  Upper 
Eocene  and  subsequent  formations. 

QoallilM  and  Uses. — ^The  main  value  of  this  Order  rests  upon  the  seeds 
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or  more  properly  the  fruits,  eraeciallj  of  ^ 
UraioR,"  jiist  referred  to,  and  wnich  in  theii 


what  are  called  the  **  Ceie«l 
their  abundant  farinaoeons  peri- 
sperm,  capable  of  j^reat  improvement  in  quantity  and  quality  under  coltiTa^ 
tion,  furnish  the  principal  material  for  bread  in  most  countriee,  except  'vrhere 
the  severe  cold  forbios  their  growth,  or  Uio  fertile  soil  and  favoumble 
climate  supply  sufficient  food  with  a  less  laborions  agriculture,  aa  in  the 
case  of  the  Plantain,  Bread-fruit,  and  other  tropical  esculents.  The 
Sugar-Cane  is  another  grass  of  scarcely  less  value :  and  the  fodder-Qrassea 
are  of  inunense  importance  as  fumisliing  food  for  domestic  animalB.  A 
few  of  the  Grasses  nave  somewhat  active  properties. 

The  principal  Corn-plants  are : — Wheat,  Tritwmn  vuf^are  and  man  j 
varieties  (Spring  Wheat  is  called  7*.  astivmn^  Autunm  Wheat  T.  hSber- 
ttutn)  ;  T.  apdtOf  Spelt ;  71  compoailumy  the  Mommy  or  Eigyptian  Wheat, 
haa  compound  spines;  Barley,  Hordtum  distiehum,  -mm  its  vaiietiea 
Hordeum  vuigare  (Bere  or  Big)  and  H,  hexadichum',  Oats,  Avena  sattra 
and  A,  orientalia  (Tartarian  (Jats) ;  Rye,  Secale  cereale ;  Maize  or  iTti^ini* 
Com,  Zea  Mays ;  and  Rice,  Oryta  saliva. 

Among  those  less  generally  known  are : — several  Millets,  such  as  SeUtria 
germamca  (German  Millet) ;  Setaria  itaUca  (^'Kora  Kang,'*  Eaat  Indies) ; 
Panicum  fi^fnetUaeetim  (^  Shamoola,"  Deocan) ;  Andropowm  SorghMtm, 
{^*  Durra  )  and  A,  MceharaUtm  (^^Sbaloo^"  East  Indies) ;  Pameum  nUU- 
aceum  (^'Warree,'  Eaat  Indies);  PeniodUaria  tpieata  (''BaJTee,"  £ast 
Indies) ;  Pa^palum  exile  (^'  Fundunji,*'  West  Africa) ;  Poa  afyttiniea  and 
Eleusine  Tocwisa  ('<  Teff "  and  <<  Tocussa,"  Abyssinia)  ;  JBietmne  Cotocom 
(''  Natchnee/'  Coronumdel) ;  Zizama  aquatuia,  Canada  Rice ;  Phaiaria 
catMriennSf  Canary  seed,  &c.  &c. 

Among  the  most  valuable  fodder-Graases  of  temperate  diraates  are : — 
the  Rye-grasses,  Lolium  perenne,  itaUeumf  &c. ;  Iweum  pratenfy  Fesiuea 
pratewnSf  Cynaturu8  cristatus^  Anthaxanthum  odoratum,  &c.  Panicufm 
spectabile,  a  bay-fnass  of  Braail,  grows  6  or  7  feet  hi|j:h ;  Anthistirim 
auttraUs  is  the  ^'Kangaroo  ''  Grass  of  Austrslia;  Anthmtiria  cikata  and 
Cynodon  Dactylon  are  esteemed  Indian  fodder-grasses ;  Trimaeum  dae^ 
tyloidesy  Gama-grass,  in  Mexico ;  Qynerium  argenteum  is  tne  Pampas- 
^rass ;  and  FestueaJlabeUoideSf  the  Tussac-grasa  of  the  Falkland  Idand^, 
IS  said  to  be  very  nutritious. 

Saccharum  officinarum  is  the  Sugar-Cane ;  Sorghum  iocekaratum  and 
Gynerium  saccharotdes  (Brazil)  likewise  contain  much  sugar,  as  does  also 
Maize,  before  the  graiu  is  ripened.  Many  Grasses  are  fragnmt ;  the  Sweet 
Vernal-grass  of  our  meadows,  AnthoxarUhwn  odoratum,  is  an  example, 
the  scent  being  most  powerful  in  dried  grass;  Hkrochloe  bortabs  is 
another ;  and  tbis  quality  is  still  more  strongly  developed  in  some  East- 
Indian  species,  such  as  Andropogon  dtratum  Q^  Lemon-gross  ")  and  A, 
Ivm^ancusiB,  A.  Calamus-aromaticus^  and  A.  murieatttm  (''Vetiyert'*), 
of  which  the  roots  are  largely  used.  This  Isat  Grass  haa  slimnkting 
properties;  and  another  species.  A,  JSardm^  is  called  "  Gin^-grass, ' 
from  its  pungency.  Many  others  were  formerly,  or  are  stdl  locally, 
esteemed  as  medicinal,  such  as: — Coix  lachrymal  the  hard  grains  of 
which  are  known  by  the  name  of  ''  Job's  Tears  " ;  the  common  Reeds, 
Phragmites  arundinacea^  Calamagroetis^  Artmdo  JOhnax,  Triticufn  repens^ 
(Couch  Grass  or  Quitch  of  farmers),  &c.  The  supposed  poisonous  pro- 
perty of  Darnel  {Lolium  temtderUum)  is  not  satis&ctorily  ascertained. 
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AmoB^  the  Grasses  useful  in  xnAnufactures  are  the  Bamboo  (Bamhusa 
wntmdinaeea),  the  Reed  (Arufido  Fhragmiteg,  A,  Donax,  &c.).  Coarse  paper 
has  lon^  been  made  from  the  Bamboo  in  India,  and  recently  from  various 
ftraws  in  this  country.  Lyceum  gpartum  is  the  Esparto  Grass,  much  used 
ad  a  coarse  fibrous  material,  and  also  in  the  manufacture  of  paper.  The 
Sazxl-gTflidsefl,  Elymm  arenarius,  Arnndo  arenana,  and  similar  creeping 
i^fdo/^y  are  yaluable  binding-weeds  on  shifting  sandy  shores.  Grasses 
are  remarkable  for  the  quantity  of  silez  existing  in  the  epidermis ;  and 
in  the  Bamboo  a  solid  siliceous  substance^  called  Tabasheer;  collects  in 
''.^e  HoUo'w  joints  above  the  nodes.  Many  species  are  cultivated  for  the 
elegaooe  of  their  flowers  or  their  foliage,  sucn  as  Arundo  Donax,  various 
spfcties  of  JBambusse,  Oynerium  (the  Pampas  Grass),  &c. 
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SuBKiNODOM  n.  CBTFTOGtAMIA,  or  FLOWESLESS  PLANTS*. 

GENERAL  MORPHOLOGY. 

Introductory  Remarks. — The  division  of  the  Vegetable  Kingdom 
into  Pbanerogamia  and  Cryptogamia  is  based  on  the  mode  of  re- 
production. It  has  been  seen  that  in  the  Pbanerogamia  the  plant 
accomplishes  this  bj  the  formation  of  a  seed  of  which  the  essential 
part  is  the  embryo.  In  the  Cryptogams,  though  the  processes  by 
which  it  is  arrived  at  differ  widely  among  themselves,  it  will  j^et  be 
found  that  reproduction  is  bound  up  invariably  with  the  formation  of 
»jpore^  destitute  of  an  embryo,  and  often  consisting  of  simple  cells. 
At  the  same  time  there  exists  throughout  the  whole  Vegetable 
Kingdom,  in  Phanerogams  and  Cryptogams  alike,  another  mode  of 
reproduction  called  vegetative^  which  is  entirely  independent  of 
sexuality,  and  which  usually  consists  in  the  mere  separation  of  a 
part  of  the  mother  plant. 

The  Cryptogamia  are  divided  into  two  great  groups  characterized 
by  difference  in  the  structure  of  their  vegetative  organs.      The 
higher  group,   called  Cormophyta^  composed  of   the  Ferns   and 
their  allies  with  the  Mosses  and  their  allies,  resemble  the  Phanero- 
gams in  the  possession  of  an  axis  or  stem  bearing  leaves.      The 
lower  group,  or   Thallophytay  comprising  the  AJgse,  Fungi,  and 
Lichens,  presents  in  its  vegetative  strucbire  no  clearly  marked 
distinction  between  root,  stem,  and  leaf ;  the  plant  is  composed  of 
a  ihallus^  formed  by  simple  cellular  tissue,  sometimes  in  its  shape 
resembling  a  leaf,  sometimes  a  stem,  and  sometimes  a  root.     The 
simplest  plants  of  this  class  consist  of  single  cells.    Although  in 
general  the  distinction  between  Cormophyte  and  ThaUophyte  is 
easily  recognized,  certain  families  on  both  sides  possess  so  close  an 
affinity  to  each  other,  that  no  sharp  line  of  demarcation  can  be 
drawn  between  them.     A  similar  difficulty  is  experienced  on  the 
lower  frontier — ^the  much  disputed  borderland  between  the  Animal 
and  Vegetable  Kingdoms. 

Cormopkyta,  or  Cormophytal  Cryptogams. — ^The  Cormophvta, 
as  already  mentioned,  consist  of  the   Eems   and   their  allies, 

\^  The  Bections  relating  to  the  Cryptogamia  have  been  revirad  and  in  part 
rewritten  by  Mr.  George  Murray,  of  tlie  Botanical  Department,  British 
Museum.  Although,  for  tmiformity's  sake,  the  account  of  the  Oryptogams  is 
given  in  this  place,  yet  the  student  will  be  unable  to  understand  the  anatomy 
and  physiology  of  these  plants  without  having  previously  mastered  die  contents 
of  the  subsequent  sections  relating  to  Anatomy  and  Physiology. — ^Bd.] 
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with  the  Mosses  and  their  allies.  These  two  groups  are  distin- 
gniahed  from  each  other  bj  the  structure  of  their  tissues.  The 
ferns  and  their  allies  possess  a  well-developed  vascular  system, 
ftod  under  the  name  of  Vaseular  Cryptogams  are  arranged  the 
3piisetacecBy  Filiees^  Lyeopodiacece,  SelagtTieUaeeci,  and  Bhizocarpece. 
lie  Mosses  and  their  allies  the  Hepatica  (forming  the  class  called 
the  Mugcinece)  possess  no  true  vascular  system,  though  the  tissues 
in  the  stems  of  Mosses  have  the  character  of  vascular  bundles  of 
the  most  rudimentary  kind.  In  neither  Mosses  nor  Hepatics  do 
true  roots,  in  a  morphological  sense,  occur,  though  they  possess 
organs  (root-hairs)  which  discharge  similar  functions.  In  spite  of 
these  defects  in  structure,  the  Mosses  must  still  be  looked  upon  as 
standing  higher  in  the  scale,  from  an  anatomical  point  of  view, 
than  such  Phanerogams  as  the  Lfsmnacece,  which  have  neither  true 
stem  nor  true  root. 

Sexual  and  Aseznal  Stages. — In  their  life-history  Vascular 
Ciyptogams  pass  through  two  morphologically  and  physiologically 
distinct  generations — a  sexual  and  an  asexual ;  and  this  holds  true 
of  all  Cormophytal  Cryptogams.  The  spore  is  borne  in  various 
w&ys  in  different  fomilies ;  in  the  familiar  case  of  Ferns  it  is  borne 
m  capsules  or  sporangia  usually  on  the  back  of  the  frond.  When 
it  germinates,  it  produces  a  thalloid  layer  of  cells  called  the  pro- 
thaHium^  and  it  Is  on  this  that  the  sexual  organs  are  formed.  The 
prothallium  contains  much  chlorophyll,  and  forms  numerous  root- 
kttiis.  It  is  soon  in  a  position  to  nourish  itself,  and  by-and-by 
produces  the  male  (antheridia)  and  female  organs  (archegonia) 
(aee  fig.  493).  The  antheridia  give  rise  to  spermatozoids,  which 
fertilize  the  archegonia.     This  is  the  sejnuil  generation. 

Out  of  the  archegonium  springs  the  aseanial,  leaf-bearing  gene- 
ntion,  which,  in  common  language,  is  usually  called  a  Pern,  a 
Horsetail  {Equisthtm),  &e.  It  bears  the  spores,  as  described,  and 
these  in  their  turn  again  produce  the  sexual  generation  (prothal- 
Hom),  and  thus  the  life-history  proceeds  in  alternate  sexual  and 
uexual  generations.  The  asexual  plants  possess  a  true  vascular 
system,  differing  in  details  from  that  of  Phanerogams ;  and  a  more 
spedal  description  of  their  structure  will  be  found  under  the  head- 
ings to  which  thev  are  referred.  Their  apical  growth  usually  pro- 
ceeds from  a  single  terminal  cell.  A  remarkable  exception  to  the 
rule  of  alternation  of  generations  is  found  in  the  reproduction  of 
^^Uris  cretica.  Mr.  Earlow  *  discovered  that  no  female  organs  are 
formed  on  the  prothallium  of  this  Fern,  though  the  male  organs 
vitain  full  development  and  produce  spermatozoids.  The  leaf- 
bearing  generation  springs  from  the  prothallium  in  a  purely  vege- 

*  "  Ueber  ungesofaleohtUche  KeimpfliuuEen  an  Fam-Prothallien,*'  Botaniache 
Zeitimg,  1874. 


410 


SYSTEMATIC  BOTAJTT. 


tative  manner.    This  important  disooTery,  however,  cannot  a1t«r 
our  views  on  the  alternation  of  generation  in  Vascular  Cryptogams, 


I 


Beprodootion  of  Fema :  a,  spore  germinatinK ;  ft,  more  adraaeed  (magn.  50  diam.) ;  e,  fbU- 
grown  prothalliom,  wi^  arabegoiua  (lower  nrfiMse);  d,  verttoal  aeotioD  of  fibe  eentni 
region  of  a  proihalliiiin,  paseuig  tiirongh  en  archegoniiuD  and  two  antiieridia;  «,  two 
antheridia  (nde  -riew) ;  f,  antbe^dia  seen  from  aboTe ;  g,  aotbertdium  burnt  (aide  riew); 
k,  eperm-oell  from  antoeridinm ;  i,  apermatosoid  etof^iiig  from  ^perm-oeU  (ma|{B.  800 
diam.) ;  k^  front  view  of  a  auermatosoid;  If  Tertioal  aootion  of  a  joong  ardiegoninm; 
m,  more  ad^aneed;  is  atfll  older,  with  tbe  eanal  open  and  an  eBBbryonal  ooi^iaole  in 
tbe  aao  (magn.  100  diam.)«  o,  view  of  the  month  of  an  arohcgoninmw  from  above:  ^ 
Tertical  aection  of  an  archegoniom  with  the  embryo  in  ooone  of  deTelopment  in  the 
aao ;  q.  the  aame,  more  adTanoed  (leaa  magnified) ;  r,  vertiflal  aaotion  of  yooag  i^aat. 
more  advanced,  vrith  a  fragment  of  the  prothaUiom  (magn.  60  diam.) ;  »,  A  yonng 
pianta  of  Pt»ri»  Mrrvlaia^  with  their  Ihrot  and  aeeond  leavea  and  adventitiooa  rooCa 
atill  oonneeted  with  their  prothaUia. 

for  such  an  exception  cannot,  from  its  aborti^'e  nature,  destroy  the 
rule. 

In  the  MfAsdnecB  the  alternation  of  generations  is  similar  to  that 
in  Vascular  Cryptogams.  Out  of  the  germinating  spore  (in  all 
Mosses  and  in  some  Hepa;tiea)  comes  a  Protonema  of  a  thread-like 
structure,  on  which  the  sexual  organs  are  formed,  or  (as  in 
most  Hepaticce)  the  sexual  generation  is  directly  developed.  It 
is  worthy  of  notice  that  recently  Drs.  Pringsheim  and  Stahl  have 
succeeded  in  bringing  about  an  artificial  production  of  the  Prtfto- 
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which  they  caused  to  spring  from  ceitain  parts  of  the  asexual 
plant.  This  discovery  stands  in  much  the  same  relation  to  the 
iltemation  of  g^erations  in  the  Muscimol  as  the  discovery  of  Mr. 
Ftrlow  does  to  that  of  Vascular  Cryptogams.  There  are,  besides, 
different  modes  of  vegetative  reproduction  in  Mosses,  the  principal 
of  which  are  by  gemmce  and  by  stolons, 

Thallopliyta. — We  now  come  to  the  lower  Cryptogams  called 
Thallophyta^  under  which  name  are  comprehended  the  A]g», 
Fungi,  and  Lichens.  The  vegetative  structure  is  in  the  greater 
nomber  of  cases  a  simple  one,  since  the  plant  usually  consists  of 
a  thallus  in  which  no  distinction  between  root,  stem,  or  leaf  exists. 
The  class  includes  organisms,  however,  of  widely  different  degrees 
of  development.  The  lowest  forms  are  composed  of  one  cell,  and 
often  bear  so  strong  a  resemblance  to  the  minute  animals  called 
Infusoria^  that  it  is  only  in  recent  times  that  a  satisfactory  division 
his  been  established.  By  almost  imperceptible  gradations  we  rise 
to  the  highest  representatives,  in  which  indications  of  those  forms 
oiled  leaf  and  stem  appear  and  an  undoubted  differentiation  of 
tissues  exists.  The  functions  of  a  root,  when  such  are  necessary, 
are  performed  by  root-hairs,  and  by  a  kind  of  sucker  called  a 
hmuiorium  in  those  plants  which  live  by  parasitism.  The  class,  from 
Its  comprehensive  nature,  includes  an  extraordinary  number  of 
forms,  which  can,  however,  usually  be  distinguished  into  a  com- 
paratively small  number  of  groups.  In  their  life-history  Thallo- 
phyta  cannot  be  brought  under  one  general  rule,  as  in  the  case  of 
the  Connophyta.  In  many  cases  a  simple  alternation  of  genera- 
tions is  the  rule,  while  in  others  several  generations  form  a  life- 
eycle,  links  of  which  may,  under  circumstances,  be  omitted ;  but  this 
is  the  exception.  In  the  Uredinecs^  for  instance,  three  generations 
form  the  Ufe-cycle  of  the  plant. 

Fu9Gi. — In  the  Fungi  the  vegetative  body  consists,  \idth  the 
exception  of  several  doubtful  cases,  of  filiform,  more  or  less 
branched  htfphm  or  threads.  In  many  instances  the  thread  is  one 
long,  densely  ramifying,  bladder-like  cell ;  but  in  most  cases  it 
consists  of  a  series  of  cells  placed  on  end  with  dichotomous  or 
lateral  branches.  Of  such  cells  the  large  bodies  of  our  familiar 
^ungi,  MS  well  as  those  of  the  minute  species,  are  composed.  The 
cohesion  of  the  hyphas  is  usually  effected  by  their  being  densely 
interwoven  in  various  wajs  in  the  different  plants.  It  must,  how- 
<^>'er,  be  mentioned  that  exceptions  to  this  very  general  condition 
of  things  exist.  There  is  found  in  the  stalks  of  the  PhaUoidece^ 
io  the  pileua  of  Russula^  Lcutarius^  in  SeUrotia,  and  in  the 
peridia  of  the  Lyooperdaeece  a  kind  of  tissue  bearing  a  resem- 
blance to  the  parenchyme  of  the  higher  plants ;  but  this  resemblance 
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is  slight,  and  it  has  been  found  necessary  to  adopt  for  it  the 
term  pseudo-parenchyme.    The  structure  and  growth  of  the  fungal 
cell  agree  in  essential  points  with  those  of  the  vegetable  cell  as  it 
occurs  elsewhere.    In  the  numerous  Fungi  which  develop  rapidly 
and  have  a  short  existence  in  the  adult  state,  the  cell-wall  is  thin, 
tender,  and  structureless.    The  possession  of  a  thick  cell-wall  of  a 
homogeneous,  unstratified  nature  is  not  uncommon.     Cases  also 
occur  (in  the  Polyporei^  Thdephora^  Bovista,  OeasUr^  TulosUyma^ 
&c.)  in  which,  by  the  aid  of  sulphuric  acid,  solution  of  potash,  or  of 
Schultz's  mixture,  a  cell-wall  of  two  or  more  coats  is  found,   but 
in  certain  instances  simple  immersion  in  water  is  sufficient  to  show 
a  beautiful  stratification.  From  the  differences  in  chemical  reaction 
the  cell-membrane  of  Fungi  cannot  be  caUed  true  cellulose,  and  it 
has  therefore  received  the  special  name  of  fungal  cellulose.     The 
protoplasm  differs  from  that  of  the  higher  plants  in  the  constant 
absence  of  chlorophyll  and  of  a  nucleus.     Drops  of  oil  and  other 
bodies  have  occasionally  been  taken  for  nuclei,  by  Schacht,  for  ex- 
ample, who  also  described  nuclei  of  such  infinite  minuteness  that 
they  could  not  be  accepted.    In  the  formation  of  vacuoles  and  the 
possession  of  fatty  oils,  both  forms  of  protoplasm  agree.     iStarch 
and  chlorophyll  are  always  absent,  but  pigments  of  various  colours 
occur  plentifully.     Crystals  of  calcium  oxalate  are  to  be  met  with 
in  the  intercellular  spaces  of  many  Fungi,  but  in  only  two  eases 
have  they  been  found  in  the  interior  of  the  cell  {BvisuUi  adusta 
and  Phallus  caninus).     Cell-division  takes  place  in  the  same  way 
as  in  the  other  plants. 

The  reproduction  of  Fungi  is  effected  by  both  sexual  and  asexual 
means,  and  the  organs  by  which  this  is  accomplished  are  in  both 
cases  simple  cells.  No  one  species  is  known  to  possess  more  than 
one  method  of  sexual  reproduction,  though  various  asexual  methods 
are  known  to  occur  in  the  same  species.  The  organs  are  called  by 
different  names  in  the  different  groups,  and  a  description  of  them 
will  be  found  under  those  divisions  to  which  they  are  peculiar. 

Spores. — The  term  spore  is  used  to  signify  a  reproductive  body 
in  a  general  sense,  and  for  the  mother  cells  from  which  the  spores 
are  developed  the  word  sporangium  is  employed.  It  must  be  men- 
tioned that,  from  the  very  varied  modes  of  reproduction  which  are 
met  with,  a  great  number  of  special  terms  have  been  proposed  in 
the  use  of  which  a  certain  amount  of  confusion  for  some  time 
existed.  The  spore  may  be  enclosed  by  one  or  more  coats  of  dif- 
ferent degrees  of  thickness  and  density.  When  it  germinates,  a 
tube  called  a  germ-ttibe  is  emitted,  which  conducts  itseUE  in  different 
ways  according  to  its  species.  The  spore  in  some  instances  bursts 
and  produces  a  number  of  ciliated  spores  called  swarm-spores  or 
zoospores^  which  also  behave  in  different  ways.    The  germination  of 
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tbe  spore  is  sometimes  introduced  by  division  of  the  spore  by  septa. 
The  body  immediately  resulting  from  germination  is  called  the 
m^tUum,  and  usually  ramifies  very  densely.  To  it  belong  the 
funetioiiB  of  gathering  and  storing  nutriment.  From  the  myce- 
lium there  springs  the  receptaculum^  on  which  the  reproductive 
oigans  are  situated.  The  receptaculum  is,  e.  g.  in  the  case  of  the 
common  Mushroom,  that  part  vulgarly  considered  the  whole  body, 
aod  it  is  subject  to  many  variations  in  shape. 

The  lowest  forms  of  Fungoid  life  are  to  be  found  in  the  Myxo- 
myeeUs.     In  many  characters,  such  as  the  formation  of  spores,  they 
agree  with  the  Fungi ;  but  in  others  they  are  so  far  removed  that 
the  tendency  is  to  ally  them  with  such  animal  bodies  as  Amceba. 
The  Plasmodium  (which  corresponds  to  the  thallus  of  the  true 
FuDgi)  is  of  a  slimy  or  creamy  appearance,  and  viewed  with  the 
microscope  it  reveals  a  number  of  anastomosing,  net-like  channels 
which  may  be  compared  in  function  to  arteries  and  veins,  and  along 
which  there  courses  an  ever-streaming  current  of  protoplasmic 
matter,  bearing  such  foreign  bodies  as  spores  of  fungi,  starch  gra- 
nules, particles  of  colouring-matter  of  different  natures,  <&c.    These 
channels  are  not  confined  by  a  definite  membrane,  so  that  a  constant 
changing  of  position  and  direction  is  permitted,  and  this  to  such 
ftu  extent  that  the  plasmodia  of  different  species  have  been  seen  to 
unite.    By-and-by  a  state  of  rest  is  attained,  and  a  capsule  or 
sporangium  containing  spores  is  formed,  which  reproduce  the  or- 
ganism in  a  truly  fungal  manner.     Their  nourishment  takes  place 
in  much  the  same  manner  as  in  the  case  of  the  animal  Amceba.   To 
Professor  de  Bary  belongs  the  honour  of  having  worked  out  their 
wonderful  life-history. 

LiCHEKS. — ^XJntil  very  recently  the  Lichens  were  thought  to  oc- 
capy  a  position  in  the  Vegetable  Kingdom  equal  in  importance  to 
that  held  by  the  Fungi  and  Al^se ;  but  from  the  more  intimate 
knowledge  of  their  structure  and  life-history,  obtained  through  the 
researches  of  Schwendener,  De  Bary,  Stahl,  Bomet,  and  others,  it 
is  necessary  now  to  regard  them  as  only  an  order  of  the  great  group 
of  Fungi  called  Ascomycetes,  The  thallus  and  fructification  are 
^thout  doubt  identical  with  those  of  the  Ascomycetes ;  but  there 
enters  into  the  composition  of  the  Lichen  another  important  factor 
in  the  form  of  minute  algse  on  which  the  fungal  hyphse  lead  a  life 
of  parasitism.  The  case  may  be  shortly  stated  thus : — The  green 
paits  of  the  Lichen,  called  gonidia^  are  minute  algSB,  which  gather 
nourishment  in  a  perfectly  normal  manner.  The  h3rphse  of  the 
fangal  parasite  extract  this  nourishment  for  their  own  use,  and 
tbe  balance  of  supply  and  demand  is  so  preserved  that  both  para- 
site and  host  continue  to  consort  through  life  in  a  harmonious 
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manner.  The  gonidia  (algce)  must  be  looked  upon  as  independent 
organisms,  imprisoned  and  forced  to  serve  the  doable  purpose  of 
providing  for  themselves  and  their  parasites.  At  the  same  time 
they  reproduce  their  own  species.  Their  specific  identity  with 
members  of  the  genera  PUurocoeeus^  Nostoe^  &c.  is  well  established. 
The  parasites,  on  the  other  hand,  are  true  ascomycetoos  Fungi, 
reproducing  themselves  in  a  strictly  ascomycetous  manner,  and, 
instead  of  living  on  tissues  which  sooner  or  later  succumb  to  their 
demands,  have  selected  hosts  offering  the  greater  advantage  of 
persistent  life.  Of  the  two  components  the  Fungus  is  the  superior 
both  in  bulk  and  nature,  and  it  is  for  this  reason  that  the  lichens 
must  be  classed  as  A$eomyceU8. 

AtjQM. — By  excluding  Lichens,  as  a  Family,  the  division  of  the 
Thallophyta  is  reduced  to  that  of  Fungi  and  Algae.  The  Alga? 
may  be  said  to  form  a  parallel  Family  to  the  Fungi.  The  same 
gradation  from  members  which  consist  of  a  single  cell  to  higher 
forms,  the  thallus  of  which  possesses  a  structure  of  a  more  com- 
plicated nature,  exists,  and  the  morphological  characters  rising  with 
equal  step  present  strong  marks  of  similarity  with  the  paralleJ 
Family.  It  has  been  said  that  Algse  are  Thallophytes  containiDg 
chlorophyll,  and  Fungi  are  Thallophytes  in  which  it  is  absent ;  but 
this  classification  is  arbitrary  and  otherwise  objectionable  as  based 
on  subjective  characters. 

The  thallus  of  the  higher  Alg8B  resembles  that  of  the  higher 
Fungi.     Its  histological  peculiarities  are  not  markedly  different 
from  those  of  the  Fungi.  It  consists  usually  of  pseudo-parenchjme ; 
and  in  some  instances  a  seeming  differentiation  of  tissue  into  epi- 
dermis and  fundamental  tissue  is  exhibited,  though  the  so-called 
epidermis  must  be  regarded  as  only  analogous  to  true  epidermis. 
The  cell-walls  consist  of  an  unlignified  cellulose,  which  shows  a 
blue  colour  on  the  application  of  iodine  and  sulphuric  acid.     Many 
Algae  are  enveloped  in  a  gelatinous  substance,  which  is  produced 
by  a  process  of  degradation  of  the  cell-wall.     Others  again,  owing 
to  the  deposition  of  calcium  carbonate  in  the  cell- wall  or  its  excre- 
tion into  the  intercellular  spaces,  attain  a  calcareous  structure,  as 
in  Corcdlina.    The  gelatinous  substance  serves  as  a  means  of  fixing 
the  plant  to  its  station,  and  the  calcareous  or  silicate  coats  form  a 
valuable  protection.    It  has  been  stated  that  the  cells  possess  a 
nucleus ;  but  this  is  not  well  established.   Starch  occurs  frequently, 
and  chlorophyll,  sometimes  covered  by  pigments  of  various  colours 
(which  can  easily  be  removed  by  cold  distilled  water),  is  constantly 
present.     The  algal  cell,  from  the  possession  of  these  substances, 
stAuds  individually  much  nearer  the  ideal  perfect  vegetable  cell 
^         than  the  fungal  cell;  and  the  reason  is  apparent ;  for,  whereas  the 
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tlpl  cell  obtains,  as  a  rale,  its  nourishment  in  a  legitimate,  indepen- 
deot  way,  the  fungal  cell  extracts  it  after  a  more  or  less  parasitic 
manner.  A  parasitic  life,  however,  is  not  uncommon  among  the 
AJgsB.  The  large  Algae  (such  as  I\teus)  often  attain  colossal  di- 
mensions and  a  tree-like  form,  while  the  iilamentous  plants  form 
«^Tv  masses  sometimes  of  considerable  length.  Those  Algaa  which 
ooDsist  of  single  cells  sometimes  possess  the  power  of  motion  bj 
fine  cHiae  (as  in  the  animal  Infu9oria\  while  sometimes  th^y  form 
folonies  cohering  by  the  gelatinous  substance  just  mentioned.  The 
reproduction  of  Algae  is  effected  by  both  sexual  and  asexual  means ; 
and  these  processes  bear  often  a  striking  resemblance  to  those 
which  occur  in  the  Fungi.  The  asexual  means  consists  usually  in 
the  separation  of  some  merely  vegetative  part  from  the  mother 
plant  and  in  the  detachment  of  gemmce.  In  the  sexual  reproduc- 
tion a  variety  of  processes  obtain  which  will  be  described  when  l^e 
families  in  which  they  occur  are  treated  of. 

The  Order  CharacEjB  forms  a  link  of  connexion  between  the 
AJg»  and  the  Cormophyta,  while  on  the  lower  frontier  such 
or^isms  as  Bacteria  unite  the  lowest  plants  with  the  lowest 
uimals. 


SrBKDroBOM  n.  CBTFTOOAMIA,  or  FLOWEBLESS  FLAKTS. 
Plants  reproduced  by  spores  destitute  of  an  embryo. 

Class  I.  COBMOPHYTA. 

Cnrptogamous  plants  usually  provided  with  stems,  leaves,  and 
root«,  or  their  morphological  equivalents. 

Under  this  head  is  associated  a  number  of  vegetable  forma  which  are 
cloeely  allied  to  the  Phaneroffams  in  the  details  of  their  vegetative  struc- 
toie,  Itit  which  are  separated  from  them  in  the  processes  of  their  sexual 
^Toduction.  Even  in  their  reproduction  there  is  to  be  observed  a  degree 
of  gimilarity  with  the  Gynmosperms  (a  group  of  Phanerogams),  though 
tbid  is  of  so  remote  a  character  and  so  different  in  the  steps  by  which  the 
{wiiit  of  similarity  is  reached  that  near  affinity  cannot  be  asserted  of 
tbem.  On  the  otner  hand,  the  vegetative  organs  are  morphologically  and 
physiologically  of  similar  value  in  Cormophytal  Orvptogams  and  Pnane- 
roigunt.  Just  as  we  have  in  Phanerogams  a  scale  ordegrees  in  the  deve- 
lopment of  the  vegetative  body,  extending  from  the  morphologically  perfect 
down  to  the  cellular  plant,  in  which  leaves,  stems,  and  root  are  repre- 
sented by  a  flat  thalloid  formation  (Lemnacea),  so  we  have  in  the  Oormo- 
pbTtal  Cryptogams  a  similar  scale,  in  which  the  degrees  are  perhaps 
^^^  stron^y  marked.  In  the  Connophytal  Cryptogams  the  lUicet  re- 
preiieDt  the  mghest  degree  in  the  scale,  with  stem;  root,  and  leaf  perhaps 
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more  highly  developed  than  in  any  other  member  of  the  Vegetable  King- 
dom. Passing  over  the  less  sharply  marked  degrees  in  the  scale,  repre- 
sented bj  other  Vascular  Ciyptogams,  we  come  to  the  Mosses,  in  which, 
though  stems  and  leaves  are  present,  we  lose  sight  of  the  true  root,  the 
place  of  which,  however,  is  supplied  by  organs  of  corresponding  phyaolo- 
gical  value.  In  the  stems  and  leaves,  too,  we  no  longer  find  the  relations 
so  perfect,  since  there  is  no  perfectly  organized  vascular  tissue,  but  only 
an  indication  of  it.  The  anatomical  structure  of  the  HepaiictB  is  com- 
paratively still  lower  in  the  scale,  and  approaches  that  of  the  Thallo- 
ph3rtes  more  nearly  than  any  other  Cormophyte.  The  life-histoiy  of 
Cormophytal  Cryptogams  consists  of  two  distinct  generationa — a  sexual 
alternating  with  an  asexual  one. 

Division  I.  Vaacnlaria. 

Cormophytal  Cryptogams  possessing  vascular  tissue. 

The  Vascular  Crvpto^ms  consist  of  the  EquiaetacetB^  the  FUicm^  the 
LyeapodiaoetBj  the  §elagineUace€B,  and  the  Ithizocarpe€B,  Their  lif&-hiatorv 
is  composed  of  two  alternating  genemtions — an  asexual  and  a  sexual. 
The  asexual  generation  is  that  in  which  the  plants  are  commonly  seen  and 
known,  and  during  which  they  attain  the  highest  point  of  development  in 
their  vegetative  structure.  They  possess  in  this  stage  both  cellular  and 
vascular  tissues,  organized  in  some  cases  (the  IMices)  on  perhaps  the  m<«t 
perfect  system  possessed  by  any  known  vegetable.  Shortly  stated,  their 
Hfe-history  begms  with  the  ffermination  of  an  asexually  produced  spore, 
which  gives  rise  to  a  prothiulium  (usually  a  mere  layer  of  simple  cells 
so  organized  as  to  sustain  an  independent  life),  on  which  are  borne 
antheridia  (male  organs)  or  archegonw  (female  oi^ans).  The  antheridia 
produce  arUherozoids  or  tpermalozoidsy  as  they  are  differently  named,  which 
fertilize  the  archegonia  out  of  which  the  asexual  spore-beaiing  generation 
springs  (see  fig.  403,  p.  410). 

The  Vasculu*  Cryptogams  are  divided  into  five  Orders  as  follows : — 

EquisetacesB.     ) 

Fiiices.  >  Spores  of  one  kind. 

LycopodiacefB.  | 

Series  1.  Ibobpobia. 

Vascular  Crjrptogams  producing  spores  of  one  kind  only.  Pro- 
thallium  growing  free  from  the  spore  and  producing  antheridia  and 
archegonia. 

EQUISBTACEiE.    The  Hohsb-tail  Obdbb. 

Diagnosis. — Aseafual  Oeneratian :  Herbaceous  plants  with  jointed, 
subterraneous  rhizomes,  sending  up  at  intervals  fistular-jointed 
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Stems,  bearing  whorls  of  scale-like  leaves  at  the  joints,  where  they 
are  sometimes  verticillately  branched.  Spores  borne  on  metamor- 
phosed leaf-bearing  stems,  terminating  iu  a  clavate  joint  covered 
with  dehiscent  sporanges.  Spores  triple-coated,  of  one  kind,  with 
two  elastic  filaments  odled  elafers,  formed  by  the  spiral  fission  of 
tbe  oater  coat  of  the  spore.  Stem,  rhizome,  and  root  grow  longi- 
tudioaily  bj  means  of  a  single  apical  cell,  giving  off  three  series  of 
segments.  Fibro-vascular  bundles  arranged  in  a  circle.  No  peri- 
cambium  in  the  root.  Sexual  Getieration  :  arising  from  the  spores, 
consisting  of  independently  subsisting,  usually  dicecious  prothallia, 
the  male  prothallia  being  smaller  than  the  female. — Illustrative 
Geaos :  Equisetum^  L. 

Fig.  404. 


and     Life-blstory.  —  The 

£qubetace«B  at  present  existing  con- 

9st  of  a  single  genus,  EquUetum,  a  small 

^up  of  herbaceous  plants,  growing 

chieny  in  wet  places,  with  a  creeping, 

^abtemmeous,  jointed  but  solid  rhizome 

;  fig.  494,  a),  from  which  arise  erect  shoots 

or  stems^     The  stems  are  striated  lon- 

ptadinally,  jointed  at  intervals,  with 

circles  of  ainall  and  narrow,  membra^ 

noos,  scale-like  leaves  at  the  nodes,  and 

t^7  are  fistular   like   the    stems   of 

Grisaes.    They  are  also  traversed  by 

s^end  aiiM^nals,  varying  in  number 

sad  disposition  according  to  the  species. 

The  stems  are  sometimes  simple,  eome- 

times  compound,    bearing  whorls    of 

tnnches  at  the  nodes,  which  branches 

resemble  the  main  stem  in  character, 

>ad  frequently  branch  again  in  a  similar 

3ttnaer  at    their    nodes.      The    erect 

itenu  are  either  fertile  or  barren  (metar 

morphosed  or  true) ;  in  some  species  the 

fertue  stems  are  short  and  simple,  while 

the  barren  stems  are  tall  and  provided 

vith  numerous    whorls  of  spreading 

compound  branches  (E.^uviatue) .   The 

fertue  stems  terminate  m  a  kind  of  club 

or  spike  (fig.  494,  6),  composed  of  a 

slwrt  axis  closely  covered  with  «po- 

fvngu  (c) ;  these  are  small  peltate  or 

mofihroom-shaped  bodies  (d)  attached 

bj  their  stalks  to  the  central  axis,  and 

^^ng  under  the  overhanging  head  a 

Qide  (k  vertical,  tooth-like  pouches  (d), 

wscmUing  the  antheiKiells  of  ITiufa  among  Conifers,  which  burst  by 

•  rertical  slit  on  the  inside  to  emit  the  spores  when  ripe.    The  spores 


Orj^nizatioti  of  EquisetaoeKr^o,  fer- 
tile stem  otEquitetum  arvn*€,  Arising 
firom  the  rhixome :  6,  fruit-spike  (n&t. 
sise);  0,  transrerse  seotion  of  do., 
showing  how  the  sporanges  are  at- 
tached to  the  axis;  i,  a  group  of 
sporanges  seen  from  beneath;  c,  a 
spore ;/,  the  same,  with  its  **  elatera  " 
uncoiled ;  g,  fragment  of  the  branched 
stem  of  E,  pahuirt. 
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arefumislied  with  filiform  processes,  called  daters  (fig.  494,/),  consisting' 
of  two  short  threads  attached  at  one  side,  coiled  spirally  round  the  spore 
before  it  is  mature,  and  unwinding  with  elasticity  when  the  spore  is 
dischaiged  from  the  sporange.  The  erect  stems  die  down  annually, 
while  the  rhizome  persists. 

The  asexuallj  produced  spore  of  the  EquisetacesB  contains  a  nucleus  and 
chlorophyll  granules,  and  it  is,  perhaps,  owing  to  this  high  state  of  internal 
organization  that  its  powers  of  germination  are  retained  for  only  a  fe-w 
days  at  the  most.     The  first  sign  of  germination  is  an  enlaigement 
of  the  spore  and  the  assumption  of  a  pear-like  form,  during  which  it 
divides  into  two  cells;  the  smaller,  possessing  almost  colourless  eon- 
tents,  grows  out  in  the  form  of  a  long  root-hair,  and  the  other,  contain- 
ing the  chlorophyll  of  the  spore,  by  repeated  cell-division  ultimately  pro- 
duces the  protnaJlium.    The  prothallia  of  the  Eqtdsetacese  are  small,  flat, 
thalloid  (as  their  name  implies),  chlorophyll-containing  bodies  consisting^, 
in  some  parts,  of  several  layers  of  cells,  and  supplied  with  irreg^ular  arm- 
like lobes.    On  the  prothallia,  which  are  usually  dioecious,  are  to  be  found 
the  sexual  organs — ^antheridia  or  archegonia  as  the  case  may  be.    The 
male  prothallia  are  usually  a  few  millimetres  long,  and  the  female  often 
as  much  as  half  an  inch ;  but,  although  individual  in  the  minor  details  of 
form,  difierent  species  are  distinguished  by  dififerenoes  in  breadth,  length, 
and  the  nature  of  their  branching.    The  antheridia,  or  male  organs,  are 
produced  at  the  end  of  the  large  and  between  two  smaller  secondary  lobes 
of  the  male  prothallia.   They  contain  upwards  of  100  large  spermatozoida 
( the  largest  produced  by  any  Cryptogam),  which  on  being  set  free  swim 
about  in  the  water,  without  the  presence  of  which  they  cannot  be  emitted. 
The  archegonia,  or  female  organs,  arise  at  the  base  of  the  lobes  of  the 
female  prothallia,  and  consist  each  of  a  few  cells  so  arranged  as  to  form  a 
canal  leading  to  an  embryonic  cell  in  the  centre  of  the  other  ceUs  of  the 
archegonium.    The  central  embryonic  cell  is  fertilized  by  a  spermatozoid 
through  the  conductive  agency  of  the  canaL    Immediately  after  fertiliza- 
tion the  canal  cells  close,  and  the  embryonic  cell  begins  to  increase  in  size, 
and  the  ceUs  of  the  neighbouring  tissue  imdergo  a  corresponding  increase 
in  number.    By-and-by  the  emoryonic  cell  also  divides;  and  after  the 
division  has  been  often  repeated,  we  benn  to  see  difiTerentiation  in  the  cells, 
which  is  the  result  of  tnis  process.    The  growth  proceeds  by  an  apical 
cell,  and  a  leaf-bearing  shoot  with  a  rhizome  and  root  is  soon  to  be  seen 
and  recognized  as  a  young  JEquisetum  as  it  is  commonly  to  be  found. 
When  the  Equisetum  has  attained  maturity,  the  asexual  spores  {ftom 
which  we  started)  are  again  borne  on  the  erect  metamorphosed  stem,  and 
so  the  life-history  proceeds  in  the  alternating  sexual  and  asexual  gene- 
rations. 

Afflnltiei,  *e« — ^The  well-known  fossil  Calamites  resemble  in  a  yeiystrikisg 
degree  the  existing  representative  of  Eqttiseiumj  not  only  in  the  tissues  of 
the  vegetative  body,  but  even  in  the  possession  of  elaters  in  the  fructifi- 
cation. The  plants  of  this  Order  at  present  existing  belong  all  to  a  single 
genus,  which  is  very  unlike  any  other  form  of  Cryptogamous  plants.  In 
external  appearance  the  stems  have  no  little  resemblance  to  those  of 
Ephedra  and  Casuarvna ;  but  their  internal  organization  is  totally  different. 
They  resemble  the  Grasses  in  having  a  deposit  of  silex  in  the  -  epidermal 
tissues  of  fistular  erect  stems,  in  E,  hyeniide  so  abundant  that  the  ashes  of 
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the  «tem  form  a  good  poliflbing-powder,  like  fine  tripoli.    In  their  life- 
kistorj  theae  plants  agree  essentially  with  the  Ferns. 

iMsCifinitioii. — ^The  Equisetaceie  are  found  in  wet  places  in  most  parts 
of  the  globe.  Calamites  and  other  plants  referable  to  this  group  occur  in 
the  Carboniferous  and  other  rocks. 


FILICES.     Feens. 

DiagnoM. — Asexual  Oeneration :  Herbs  with  a  subterraneous 
rhizome,  or  trees  with  an  unbranched  caudex,  with  well-developed, 
guaerally  more  or  less  divided  or  compound  leaves,  circinate  in 
vernation,  and  all  or  part  bearing  clusters  of  sporanges  {sort)  upon 
the  lower  surface  (fig.  495,  a,  6,  d)  or  at  the  margins  {g\  seated 
upon  branches  of  the  veins.  The  sori  are  either  niJEed  (6)  or 
covered  at  first  by  a  variously  formed  dehiscent  or  separating  mem- 
branous structure  {indoiikim^  d^  e)  which  is  continuous  with  the 
epidermis  of  the  leaf.  The  sporangia  are  metamorphosed  hairs, 
and  the  leaves  which  bear  them  are  sometimes  also  thraiselves 
metamorphosed.  An  apical  cell  is  not  always  present,  but  where 
it  occurs  it  gives  off,  in  the  stem,  either  two  or  three  series,  and  in 
the  root  always  three  series  of  segments.  The  vascular  bundles 
are  very  strongly  developed,  and  the  central  xylem,  composed 
chiefly  of  scalariform,  thiekened  tracheides,  is  surrounded  by  weak 
phloem.  The  Sexual  Generation^  arising  from  the  spores,  consists 
of  independently  subsisting  moncBcious  prothallia. 

Illustrative  Geitbra. 


Tribe  1.  Polypodikje.  Sporanges 
tiuOiedf  with  a  vertical  annulus. 

Acrostichum,  X. 
Gymnogramme,  Desc. 
Ceteracb,  Adans. 
Polypodium,  L, 
Adiantum,  L, 
Pteris,i. 
AUosorus,  Bemh, 
Blechnumy  L. 
Asplenium,  L, 
Scolopendrium,  Smith, 
Laatnea,  Presl. 
Aspidium,  Swartz. 
Cystopteris,  Bernh. 

Tribe  2.  Cyathe^.  Sporanges 
temky  tnore  or  less  elevated  ot^  a 
ammon  reoeptade:  anmUm  vertical, 

Alsonhila,  R,  Br, 
Cyatneai  Sfnith, 


Tribe  3.  Pabkerib^.  Sporanges 
thin,  xoith  a  broad,  imperfect ,  vertical 
annulus. 

Ceratopteris,  Brongn, 
Parkena,  Hook. 

Tribe  4.  HviCENOPHYLLEiB.  Spo- 
ranges on  an  axis  produced  hy  the 
excurrence  of  a  vein  beyond  the  mnr^- 
gin  of  the  leaf:  annulus  horizontal 
or  oblique. 

Ilymenophyllum,  Smith, 
Tricbomanes,  L, 

Tribe  6.  GLEiCHENiEiB.  Spo- 
ranges commonly  arranged  in  fours 
in  the  dorsal  sori,  nearly  sessile, 
with  a  transverse  or  oblique  annulus  ; 
bursting  vertically  on  the  inside, 

Gleichenia,  Smith, 
Mertensia,  Willd, 
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Tribe  6.  Schik^kje.  Spnranges 
dorsal;  the  anntUwi  m  the  fonn  of 
a  cap  on  the  summit;  dehiscence 
verticaL 

Schizcea,  Smith. 
Lygodium,  Swartz, 

Tribe  7.  Osmuxdk^.  Sporangcs 
stalked,  dorsal,  or  arranged  on  pinu<B 
assuming  aspikedor paniculate  aspect 
from  the  absence  of  parenchyma  he^ 
tween  the  veins ;  annulus  incoviplete, 
dorsal ;  dehiscence  across  the  vertex. 

Osmunda,  L, 
Todea,  Wilid. 


Tribe  8.  MARATTiKiB.  Sporanges 
freCy  closely  pm-ked  in  two  rows  or  in 
a  cirdcj  or  soldered  t-ogether  bo  as  t*> 
resemble  a  many-celled  capsule,  each 
cell  opening  by  a  pore;  annukts  none. 

Angiopteris,  Hoffm. 
Marattia,  Stn. 
Danaaa,  Snu 

Tribe  9.  Ophioolosse^.  Leaves 
not  circinate ;  sporanges  2-iw/ive/,  fm 
the  sides  of  a  spike  or  scape,  whirh  is 
simple  or  branched  ;  annulus  none. 

OphiogloBSum,  L. 
Botrjcbium,  Swartz. 


I 


Straotnre  and  Llfe-ldBtory. — ^The  Filices  or  Ferns  exhibit  a  far  greater 
variety  of  conditions  than  the  Horsetails.  Their  most  remarkable 
character  in  the  great  development  of  the  leaves,  the  stem  being  repre- 
sented in  most  cases  by  rhizomes,  although  in  some  of  the  exotic  forms  it 
becomes  a  real  trunk,  rising  above  the  ground  in  a  manner  analogous  to 
the  trunks  of  Palms  (fig.  34,  p.  38). 

The  rhizomes  of  the  herbaceous  kinds  are  subterranean,  and  ^tow 
either  horizontally  or  vertically.  In  the  former  the  intemodes  are  either 
developed  or  undeveloped;  when  they  are  developed,  the  leaves  arise 
singly  from  the  ground,  as  in  the  common  Brake-fern  (Pteris)  and  Fbly- 
poaium  vulgare  (fig.  495,  a) ;  when  the  intemodes  are  undeveloped,  the 
leaves  are  tufted,  which  is  alwavs  the  case  when  the  rhizome  is  erect,  as 
in  Athyrium  FtHjc-foemina ;  an^  the  arborescent  kinds  likewise  exhibit 
the  tutted  growth  of  the  leaves  from  a  terminal  bud,  with  little  develop- 
ment of  the  intemodes.  The  rhizomatous  stems  frequently  branch,  m 
which  case  the  stem  bifurcates,  as  in  the  Lvcopodiaceee. 

The  leaves  of  the  Ferns  resemble  those  ot  the  Phanerogamia  in  their  es- 
sential stmcture ;  they  are  very  remarkable  for  their  multifold  compound 
forms.  The  venation  or  ribbing  exhibits  a  peculiaritv,  the  ramifi cation 
of  the  veins  in  the  laminas  being  on  a  bifurcated  plan  (fig.  496,  6,  </),  and 
the  subdivisions  retaining  an  equal  size.  The  leaves  are  (uso  characterized 
by  the  circinate  vernation  (p.  74)  which  is  almost  universal  in  the  Order, 
the  only  exception  being  found  m  the  Ophioglosseof. 

The  £>uctification  or  sporiferous  apparatus  of  the  Ferns  is  produced  upon 
the  leaves ;  and  it  ]^resents  a  great  variety  of  modifications,  which  serve  to 
characterize  the  principal  subdivisions  of  the  Order.  The  spores  are  formed 
in  spore-cases  or  sporanges,  little  membranous  sacs  attached  by  a  pedicle 
to  the  lower  surface  of  the  leaf  (fig.  496,  6,  c,  t,  &c.),  or  to  a  kind  of 
skeleton  of  the  leaf  in  which  the  parenchyma  is  suppressed  (o).  Tbe^ 
spore-cases  difier  in  some  essential  particulars  of  structure;  in  the  mode  of 
attachnatnt,  and  in  their  relations  to  each  other. 

In  most  of  the  Pilices  the  spore-cases  possess  an  anwubts  or  ring 
(fig.  496,  t),  an  incomplete  ring  of  thickened  oeUs  running  round  the 
sac,  and  assisting,  by  its  contraction  when  dry,  to  rupture  the  sac  and  set 
free  the  spores.  In  the  Polypodies  and  other  tribes  it  is  vertical  (%• 
495,  i)  ;  in  tho  HymenophyUe€s  the  ring  is  oblique  and  unconnected  witn 
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tlte  tuod  pedicle  (k)  ;  in  the  Oleichenie/e  the  ring  h  horizontHl  (m) ;  and 
JD  ihe  Senizata  it  forma  k  kind  of  r«p  with  rxdiating  striee  (>□  the  top  of 
thr  spon-cttae  (I) ;  in  Omautdea  the  rin^  ie  bfoad,  but  imperfectly  de- 
v.;li>ped  (h),  while  in  Momttien  imd  Ophioglossete  (v)  it  is  absent  alto- 
la  most  of  the  tribes  the  spoie-CBses  are  distinct  from  one  another,  bat 
roUected  in  groups  (son)  of  various  forms,  round,  linear,  &c.  (fig.  493, 
t,  c),  on  the  lower  surface  of  ordinary  leaves,  or  of  leaves  especially 


iponnges;  /  lortiMl  aectioD  of 
-'  ^f  the  tporangAi;  i,  flpprmr 


fewted  to  the  fructification  and  modified  in  form  and  texture.  The  tori 
•re  either  naked  (b,  c),  or  covered  bj  a  membranous  cover  or  indtwium 
IM),  the  forms  and  modes  of  attachment  of  which  furnish  ^stematic 
ilitncters.  In  the  Uarattieie  the  spore-cases  are  uaiiallv  more  or  less 
whereat  together,  so  as  to  form  a  false  compound  multilocular  sporange. 
wenseo  statea  that  the  sporangia  of  Marattiacete  originate  from  a  group 
of  ccdlg  and  not  £rom  a  single  call  (trichome)  as  in  other  Fema.    In  the 
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HymenophyUea  the  sporanffes  are  attached  to  little  columns  formed  by 
the  production  of  the  ribs  oeyond  the  margins  of  the  leaves  {g,  A),  be- 
coming at  the  same  time  enclosed  in  cup-like  receptacles  formed  from 
the  margins  of  the  leaf.  In  the  Ophioglosseae  a  portion  of  the  leaf  i^ 
transformed  into  a  simple  or  compound  spike- like  process,  covered  with 
free  spore-cases  destitute  of  a  ring,  and  splitting  regularly  to  dischai^gpe 
the  spores  (o). 

The  spores  are  simple  cells  of  microscopic  dimensions,  furnished,  like 
poUen-grains,  with  a  double  coat,  the  outer  of  which  is  generally  similarlv 
marked  with  papillsB,  reticulations  (/>),  &c. 

The  term  ^flowering''  fern  is  erroneously  applied  to  those  kinds  iu 
which  the  fertile  leaves  or  lobes  are  destitute  of  jparenchyma,  and  thiir« 
resemble  superficially  the  spadices  of  Phanerogamia,  as  Osmimda,  Boiry- 
ehium,  Ophtoglossumf&c. 

The  arborescent  Ferns  belong  to  the  PolypodiesB  and  Gyathese,  and 
differ  only  in  habit  and  dimensions  from  the  more  familar  forms. 

Ferns  are  sometimes  reproduced  by  buds,  analogous  to  bulbils,  formed 
on  different  parts  of  their  structure,  and  sometimes  at  the  points  of  the 
leaves. 

The  spores  of  the  Filices  retain  their  germinating  power  longer,  as  a 
rule,  than  those  of  the  EquisetacesB.  They  have  usually  a  granulated  ap- 
pearance, with  a  cuticularized  exospore.  On  germinating,  the  exospore 
bursts,  and  the  contents,  already  divided  into  several  cells,  are  protruded^ 
and  from  it  arises  the  prothallium.  The  prothallia  of  Ferns  iifkr  from 
those  of  the  EquisetacesB  in  beings  generally  more  regular  in  outline.  They 
produce  numerous  root -hairs  and  are  self-supporting.  The  antheridia  an^ 
archegonia  natundly  differ,  though  but  slightl^r,  from  those  of  the  Equise- 
taceffi  in  form,  but  a^^ree  with  them  entirely  in  the  details  of  function. 
The  antheridia  are  situated  on  the  margin  or  surface,  and  the  archegonia 
on  the  surface  of  the  prothallia.  They  are  monoecious,  but  show  in  some 
cases  a  tendency  to  be  dioecious.  After  the  embryonic  cell  of  the  aiche- 
gonium  has  been  fertilized  by  a  spermatozoid,  the  asexual  generation 
arises  from  it  in  a  similar  manner  to  that  described  as  occurring  in  the 
Equisetaceas.  An  exception  to  this  is  to  be  found  in  the  property  of  certain 
prothallia  of  propagating  the  asexual  ^neration  in  a  purely  vegetative 
manner.  The  prothallia  of  Pteris  creitca  were  found  by  Mr.  Farlow  to  do 
so  without  ever  having  been  seen  to  produce  archegonia. 

AiBultlM,  irtSb — The  Filices  constitute  a  very  Isrge  and  natural  group  of 
Cryptogamous  plants  which  have  no  very  close  relations,  as  regards 
general  structure;  but  the  Ophioglossea  seem  to  form  a  link  between 
Osmundea  and  Lycopodiaceae.  As  regards  the  physiological  processes 
occurring  in  reproduction,  this  Order  must  be  classed  with  the  Equise- 
taceie.  There  is,  however,  great  diversity  of  habit  in  the  vegetative  body, 
which,  as  a  whole,  may  be  expressed  by  saying  that  the  leaf  predominates 
in  the  Ferns  and  the  stems  in  the  Horsetails. 

The  OphioglosseeB  depart  importantly  from  the  general  characters,  both  in 
their  foliage  and  their  reproductive  organs ;  to  die  form  of  the  latter  there 
is  an  approach  in  MarattiesB,  and  perhaps  we  may  admit  that  the  sporanges 
of  this  Order  are  really  like  those  of  Lyoopodiacess ;  the  development  of 
the  ^oung  spores  appears  to  agree,  however,  with  that  of  the  Ferns  and 
EquisetacesBi  which  is  on  a  totally  different  plan  from  that  of  Lycopodieie. 
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The  Mioraitiea,  by  the  absence  of  the  annulus  and  the  grouping  of  the 
!^nnge«y  appear   to   stand   between  the   Polypodieaa  and  the  Ophio- 

giasaesB. 

JMrStmikmm — The  Ferns  at  present  existing  strongly  resemble  the  fossil 
Fenu,  many  of  which  have  been  preserved,  even  as  to  the  details  of  their 
strjctiurey  with  wonderful  perfection.  They  were  very  abundant  in  the 
Carboniferous  epoch,  and  traces  nre  also  ^und  in  the  Devonian.  The 
Ferns  are  universallv  distributed — ^more  abundantly,  however,  in  damp, 
mild  climates,  which  favour  the  development  of  foliage.  The  Ferns  of 
temjperate  climates  in  the  northern  hemisphere  are  herbs :  in  the  islands 
of  tae  tropics  and  the  south  temperate  latitudes  arborescent  forms  occur 
having  the  habits  of  Palms.  OpnioglossesB  are  sparingly  represented  in 
Europe  end  North  America,  the  West  Indies,  at  the  Cape,  Tasmania, 
&e.f  but  are  most  abundant  in  the  Indian  islands. 


OoaUtlet  and  Vaea. — Some  of  them  have  active  properties,  astringent, 
anthelmintic,  and  emetic  qualities,  &c.,  but  they  are  of  little  importance ; 
the  rhizomes  of  Pteris  &c.,  and  the  stock  of  some  arborescent  kinds, 
afford  a  poor  nutriment,  used  by  the  aborigines  of  the  South-Sea  Islands 
and  elsewhere  in  times  of  scarcity.  It  need  scarcelv  be  mentioned  that 
thid  is  the  favourite  Order  of  Cryptogamia  among  cultivators  of  plants. 


LYCOPODIACEL^.    Club-Mosseb. 

Diagnosis. — Asexual  Oeneration  :  Herbaceous  plants  with  creep- 
ing stems  branching  in  a  bifurcating  (dichotomous)  manner,  clothed 
with  small,  usually  closely  imbricate  leaves  traversed  by  one  simple 
vascular  bundle.  The  branching  of  the  stem  and  root  is  entirely, 
or  in  a  modified  form,  dichotomous.  The  fibro-vascular  bundles  of 
the  stem  contain  several  xylem-bundles,  surrounded  and  separated 
from  each  other  by  phloem.  Neither  stem  nor  root  possess  an 
apical  cell.  The  sporangia  arise  in  the  axils  or  at  the  base  of  the 
leaves,  and  are  larger  than  those  of  the  Ferns  ;  the  capsules  are 
Teoiform  (kidney-shaped),  and  are  placed  at  the  end  of  short, 
stout  stalks :  they  contain  numerous  spores  similar  to  each  other 
m  size  and  form,  which  is  tetrahedral. — Sexual  Generation :  The 
prothallia  arising  from  the  spores  are  independently  subsisting  and 
moQOBcious. — ^Illustrative  Genera :  Lycopodiwnj  L. ;  Psilotum,  Sw. ; 
Phylloglossum,  Kze. ;  Tmesipteris,  Bernh. 

Stmctore  and  Ltfe-liistonr. — The  Lycopodiaceie  have  slender  stems  (in 
the  genus  Lycopodium  hard  and  woody),  with  an  erect  or  creeping  habit. 
The  size  and  form  of  the  leaves  ditfer  according  to  the  species.  They  are 
alwavs  simple,  unbranched,  sessile  with  slender  bases,  and  an*anged  either 
epinJly  or  in  a  verticillate  manner,  but  sometimes  in  both  ways  on  the 
same  plant.  Adventitious  roots  are  usually  given  ofi'  at  the  forks  of  the 
stem.  The  stages  in  the  reproduction  of  the  Lycopodiacefo  are  not  well 
known.  The  germination  of  the  spores  of  Lycopodium  has  been  seen  and 
described  only  by  Professor  de  Bary,  and  the  prothallia  have  been  found 
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by  Fankliftuser  with  one  of  them  already  attached  to  the  Toungr  spoie- 
bearing  generation.  They  possess  root-hairs,  and  are  belf-supporlmg  acd 
monoecious.  Antheridia  containing  numerous  spermatozoids  are  formed 
abundantly  on  the  upper  surface  of  the  prothallium,  on  which  eide  the 
archegonia  also  are  situated.  Of  the  phases  in  the  development  of  the 
embryo  nothing  is  known. 

Affinities,  fto. — The  immediate  relations  of  this  Order  are  with    the 

Selaginellaceae. 

DlBtiibatlon. — The  species  of  Lj/copodium  are  widely  diffused  through- 
out  the  world,  but  are  most  abundant  in  warm  countries,  five  species 
are  natives  of  Britain.  PsUotum  is  a  native  of  the  tropics  of  both  nemi- 
spheres  and  of  Australia.  In  former  ages  the  species  of  this  Order  seem 
to  have  attained  much  greater  dimensions  than  they  have  at  present. 
The  fossil  stems  known  as  Lepidodendron  are  like  existing  Tree  FemSj 
but  their  fructification  is  that  of  Lycopods.  Th<»y  existed  m  such  abun- 
dance in  the  Carboniferous  times  that  some  vaneties  of  coal  arf«  stated 
to  be  almost  entirely  composed  of  their  remains.  Leptdogtrobus  is  the 
fruiting  spike  of  some  Lycopod. 

QnalltlM  and  Usei. — It  is  asserted  that  some  kinds  of  Lycopodntm  are 
poisonous.  L.  clavatum  has  been  used  as  an  emetic.  X.  Selago  and  X. 
cathartiatm  are  purgatives ;  the  latter  is  very  violent  in  its  action.  The 
powder  known  in  pharmacies  as  Lycopodium  consists  of  the  spores  of  a 
species  of  this  genus.  They  are  very  inflammable,  and  are  hence  used 
for  theatrical  purposes ;  and  as  they  no  not  absorb  water  readily,  they  are 
used  for  covering  the  hands  &c.  when  it  is  desired  that  tJiey  be  not 
wetted. 


Series  2.  Hetebosfobia. 

Vascular  Cryptogams  producing  spores  of  two  kinds,  macro- 
spores  and  microspores.  The  macrospores  develop  a  female 
prothallium,  which  remains  attached  to  the  spore  ;  the  microspores 
produce  a  rudimentary  male  prothallium,  which  remains  attached 
to  the  spore  and  develops  antheridia  and  antherozoids. 

In  the  three  preceding  Orders  (Equisetaceoe,  Filices,  and  Lycopodiaceie) 
the  prothallia  arise  from  spores  of  one  kind.  In  the  two  following  Orders 
(Selaginellaceae  and  Rhizocarpese^  the  female  prothallia  are  produced  by 
macrospores,  and  the  male  prothallia  by  microspores.  The  prothallia  are 
also  different  in  their  nature.  In  the  three  preceding  Orders  the  prothal- 
lium is  self-supporting,  and  possesses  completely  the  character  of  an 
independent  plant.  In  the  two  following  Orders  the  prothallium  is 
no  longer  an  mdependent  plant,  since  it  is  formed  within  the  spore^  and 
at  no  period  breaks  connexion  with  it. 

SELAGlNELLACEiE. 

Diagnosis, — Asexual  Generation  :  In  SelagineUa  the  stem  is  thin, 
dichotomously  branched,   bearing    small  heart-shaped  appressed 
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fesves  arranged  in  four  nearly  vertical  rows,  and  generally  of  two 
forms.  In  IsoeUs  the  stem  is  perennial  and  corm-like,  having  the 
iotemodes  suppressed.  The  leaves  are  spirally  arranged  in  the 
form  of  a  rosette,  broadly  inserted.  The  corm-like  stem  emits 
adventitious  roots  on  the  underside,  but,  owing  to  the  dense  rosette 
of  leaves,  is  invisible  from  above.  The  leaves  are  larger  than  in 
StlofjineUa^  and  expanded  into  a  kind  of  sheath  at  the  base ;  they 
are  traversed  by  four  longitudinal  air-canals.  In  both  Selagindia 
and  Isoetes  the  leaves  are  simple,  unbranched,  pointed,  and 
traversed  by  one  vascular  bundle.  Sporangia,  which  are  placed 
on  the  leaves  in  IsoeteSy  and  on  short  stalks  in  their  axils  or  above 
on  the  stems  in  Selaginella,  produce  two  kinds  of  spores — macro^ 
»pora  and  microspores.  In  Isoetes  the  macrospores  are  numerous, 
in  Selaginella  usually  4,  sometimes  2  or  8  ;  in  both  the  microspores 
are  numerous. — Seanial  Generation  :  The  macrospores  produce 
female,  and  the  microspores  male  prothallia. — Illustrative  (ienera  : 
Isoetes,  L. ;  SeUiginella,  Spring. 


and  Ufe<bi8tor7. — In  the  Sela^pnellaceffi,  as  has  been  said, 
the  microapoTes  produce  the  male  prothallia.  The  germination  of  the 
oucrospore  is  effected  by  its  dinding  into  a  few  cells,  of  which  one  is 
sterile  and  the  others  pix)duce  spermatozoids.  The  macrospores  produce 
the  female  prothallia  oy  developing  within  themselves  a  mass  of  cells, 
while  the  wall  of  the  endospore  begins  to  increase  in  thickness  and  sepa- 
latee  into  layers.  Owing  to  the  cell  increase  within,  the  exospore  hursts, 
«nd  after  some  time  the  wall  of  the  endospore  leaves  imcovered  that  part 
of  the  prothallium  the  function  of  which  it  is  to  produce  the  archegonia. 
Fotilization  by  means  of  the  spermatozoids  takes  place  in  the  manner 
ccfmmon  to  all  Vascular  Cryptogams,  and  the  asexual  generation  arises 
from  the  embryonic  cell. 

AftnttlM,  Sto, — From  the  noint  of  view  of  its  vegetative  structure  this 
Order  is  closely  related  to  tne  LycopodiacecB,  while  it  differs  from  it  in 
the  nature  of  its  sexual  reproduction,  since  in  the  LycopodiacesB  the 
spores  which  produce  the  female  and  male  prothallia  are  of  the  same  size 
tttd  form,  and  in  the  Selaginellacen  macrospores  produce  female,  and 
microspores  male  prothallia.  The  Order  agrees,  on  the  other  hand,  more 
elosely  with  the  following  Order  (Rhizocarpeee)  in  the  production  of 
microspores  and  microspores^  but  differs  more  widely  nom  it  in  its 
vegetative  structure. 

Dtatrflmtlon,  QnaUtles,  fto. — Selagmelke  are  delicate,  and  usually  found 
climbing  or  creeping  over  low  objects  in  damp  and  warm  places.  The 
lioetes  grow  in  the  mud  at  the  bottom  of  pools.  The  corm  is  perennial 
and  of  a  woody  structure  when  old.  They  are  more  generally  diffused 
in  the  northern  hemisphere,  whereas  the  SelagineUa  occur  in  greater 
abundance  in  warm  climates.  Neither  have  any  recognized  medicinal 
or  economic  properties.  Many  species  of  Selaginella  are  cultivated  in 
greenhouses  for  the  elegance  of  their  foliage. 
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EHIZOCAEPE^. 

Ifiaf/iiosis. — Aiexual  OeMralion :  Small  herbaceous  plants  float- 
ing oil  the  water,  or  rooting  in  the  mud  at  the  margins  of  poola. 

Fig.  4W). 


■djon  through  three  frrtilp 
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with  regularly  branching  stems  bearing  two  or  more  series  of  leaTes 
circinate  in  vernation.  Stem  grows  by  an  apical  ceil  giving  off  '2 
or  3  series  of  segments,  and  the  root  by  one  giving  off  3  series. 
'  The  sporocftrps  are  metamorphosed  leaves  containiugin  one  or  more 
chambers  the  sporangia,  which  spring  from  a  central  placenta,  and 
bear  one  or  more  raacrospores  or  numerous  (4  X  16)  microspores. — 
Sexual  Generation :  The  macrospores  produce  the  female  prothallJa, 
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and  the  microspores   rudimentary    male   prothallia. — ^Dlustrative 
(jtaen :  sScdvinuiy  Micheli ;  Marsilea,  H. 

gtrDciure  cu&d  Life-historj. — The  sexual  generation  of  the  Rhizo- 
ttrpe«  strongl3'  resembles  that  of  the  Selaginellaceee.  Here  also  the 
microspurefi  produce  the  male  prothallia.  In  Salvmia  this  is  eftected  by 
the  protnisioa  firom  the  microspore  of  tubes,  each  of  which  divide  into 
two  cells  at  the  apex,  the  contents  of  which  form  each  four  snermato- 
Joids.  lu  Munfilea  and  PUiUaria  the  spermatozoids  are  formea  within 
lite  microspore^  thus :  first  eight  cells  are  formed,  and  then  the  contents 
of  eich  produce  four  spermatozoids — 32  in  all.  The  spermatozoids  escape 
through  a  small  funnel-like  opening  at  one  end  of  the  microspore. 
The  female  prothallia  are  produced  by  the  macrospores:  they  remain 
^o<:lo8ed  at  first  by  the  funnel  at  the  apex  of  the  macrospores  and  are 
boQoded  on  the  underside  by  a  diaphragm,  which  separates  it  from  a 
liwe  intercellular  space  within.  The  funnel  at  the  apex  then  opens 
^uiMier,  and  the  prothallium  is  almost  entirely  protruded  by  a  bulging 
motion  of  the  diaphragm ;  on  it  are  formed  the  archegonia,  which  after 
/utilization  by  the  spermatozoids,  give  rise  to  the  asexual  spore-bearing 
generation. 


, — This  Order  is  closely  related  to  the  preceding  one  (Sela- 
?ui«tlaoeiB j  in  the  nature  of  its  reproduction,  and  to  the  1"  ilices  in  its 
T«getatiTe  structure. — ^The  Rhizocarpeae  are  aquatic  or  marsh  plants.  The 
g«nas  Halvmia  is  represented  by  rootless  plants  which  are  found  floating 
ti«e  in  the  water  of  stagnant  pools ;  the  submerged  leaves  are  tinely  lacini- 
*^  and  resemble  roots,  but  their  segments  bear  sporocarps  (fig.  496  A, ^). 
The  genus  MarsUea  with  its  rilies,  of  which  PUularia  is  our  only  native 
rumple,  is  composed  of  herbaceous  plants,  the  stem  of  which  is  little 
i^Telop^  and  consists  of  a  kind  of  rhizome  giving  off  tufts  of  filiform 
adventitiouB  roots  on  the  underside  and  two  or  more  series  of  leaves  on 
^  upper.    They  are  found  growing  in  the  mud  at  the  margins  of  pools. 

QoaUtlas  and  Usea — ^They  have  no  known  medicinal  or  economic  pro- 
Parties,  unless  perhaps  Marsilea  saluatriv  (the  Nardoo  of  Australia),  the 
^P^^i^  of  which  are  said  to  have  been  eaten  in  cases  of  scarcity. 

Division  11.  MnflctnesB. 
Cormophjtal  Cryptogams  possessing  imperfect  vascul&r  tissue  only. 

J^he  MuidneiB  consist  of  the  Mosses  and  Hepaticae,  and  resemble  the 
Vascular  Cryptogams  in  the  fact  that  their  life-history  consists  of  two 
j^tenatiiig  generations — a  sexual  and  an  asexual.  When  the  spore  borne 
^  the  asexual  generation  germinates  it  produces  the  sexual  generation. 
This  is  effected,  indirectly  m  the  case  of  the  Mosses  and  a  few  Hepaticee, 
7  the  production  of  a  protonema  (a  confervoid  prothallium),  out  oi  which 
ue  eezual  generation  arises,  and  directly  in  the  other  Hepatlcie.  The 
^Xttal  generation  preponderates  in  the  vegetative  quality,  and  forms  the 
pUot  commonly  known  as  a  Moss  or  a  Hepatic,  as  the  asexual  generation 
<ioes  in  the  Vascular  Cryptogams.  It  bears  the  antheridia  (male  organs) 
1^  the  archegonia  (female  oi'gans).  From  the  fertilized  central  em- 
^mt  cell  of  the  archegonium  there  arises  the  asexual  generation 
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(sporogonium),  which,  in  the  course  of  its  development,  forms  in    an 
asexual  manner  the  spores,  which  in  turn  produce  the  sexual  generation. 

When  we  compare  the  life-history  of  the  Ifiucinea  with  that  of  Vas- 
cular Cryptogams  we  find  hoth  a  strong  resemhlance  and  a  contrast.  The 
resemblance  consists  in  this,  that  both  follow  the  scheme  of  alternating' 
generations,  one  of  which  is  endowed  with  sexuality  and  the  otiier 
purely  asexual,  so  far  as  a  process  of  impregnation  is  concerned.  Hoi^ 
lar  the  so-called  asexual  generation  of  Cormophytal  Cryptogams  may  "be 
sexually  influenced  by  the  other  is  a  question  on  which  we  cannot  enter 
here.  The  contrast  consists  in  the  fact  that  whereas  in  the  Mosses  it  is 
the  sexual  generation  which  preponderates  in  the  yegetative  quality  i^hile 
the  asexual  generation  is  the  more  transient  one,  in  the  Vascular  Crypto- 
gams it  is  the  opposite  which  is  true.  There  are,  however,  two  cases, 
one  on  each  side  (Anthoceros  representinfi^  the  MuscineaB  and  Gymno^ 
gramme  leptophyUaf  Desv.,  representing  the  Vascular  Cryptogams),  in 
which  this  rule  is  abandoned  and  the  relations  approach  each  other.  In 
the  Oymnogramme  it  is  the  sexual  generation  (prothallium)  which  fomis 
the  more  persistently  vegetating  plant,  while  the  growth  of  the  asexual 
(spore-bearing)  generation  scarcely  exceeds  liiat  of  the  sporogoniam  of  a 
moss.  laAn^oceros  the  sporogonium  (asexual  generation)  shows  a  greater 
vegetative  tendency  than  is  usually  the  case  in  the  Musdnea,  by  continu- 
ing to  grow  in  the  basal  part  and  produce  here  new  spores  atiter  those 
on  the  apical  part  are  already  ripe.  These  are  exceptional  cases ;  but  since 
they  occur  in  a  perfectly  normal  manner  the^  must  be  taken  as  consti- 
tuting a  form  oi  alternation  of  generations  intermediate  between  and 
connecting  those  occurring  in  Vascular  Cryptogams  and  Muscineae. 

Both  Liverworts  and  Mosses 
produce  antheridio  and  arche- 
gonia,  either  on  the  same  plant 
or  on  distinct  individuals.  There 
are  minor  differences  of  structure 
in  the  different  groups  of  this 
Orders,  some  of  which  may  be 
brieiiy  described. 

The  awtheridia  of  the  Hepa- 
ticoe  (and  with  these  agree  the 
same  organs  of  Sphagnaceae)  are 
elliptical  or  globular  sacs  (tig. 
49/,  c)  formed  of  a  single  layer 
of  ceUs;  they  are  found  im- 
bedded in  the  thalloid  f^tem  of 
jRicda,  Fellia,  &c.,  or  in  the  sub- 
stance of  the  (male)  receptacles 
of  Mco'chantia  (p.  434),  or  on 
stalks  arising  from  the  frondose  Antheridia  »nd  arrfyegonia  &a  of  Hemtira!  ff. 
.  '      -CI     '^     1         •  J  •     ^i.        Terteoal  section  oi  the  mfloreacence  of  Madmla 

Stem  m  JfO$SOmOron%a,  and  m  the      cowpfcuMrfa,  with  young  (axill«y  J  antheridiaand 


sac  IB  nUed  with  minute  roundish    t™?'  •"no"),  mw";  skw  <nM»- ;  «,^>Miiiato- 

celk,  at  first  «r,herent,  but  ulti-    '^\;;:o^^^^'!^;^:SljlS^::. 
mately  free.    These  (the  tperm"    pianata  (T«*rt  section),  nuigu.  lOO  diam. 
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ffSi)  escape  by  the  rupture  of  the  sac  of  the  antheridium,  and  each  of 
tbem  emits  a  2-ciliatea  spiral  spemiatozoid  (fig.  497,  d). 

In  the  Moeees  the  antneridia  are  larger  and  more  elongated  and  cylin- 
drical 8ac8,  not  stalked  (fig.  498,  b) ;  tnej  are  found  in  the  axils  of  leaves, 
somedmes  scattered,  hut  more  frequently  collected  in  axillary  or  terminal 
bud-like  structures  {inflorescence),  either  with  the  archegonia,  or  in 
amoiMBcious  or  dioecious  condi- 

t^m.     The   antheridial  sacs  are  Fig.  498. 

tilled  icith  a  tiabue  which  is 
nltimately  resolved  into  sperm^ 
f^,  which  are  discharged  hy 
tlip  bursting  of  the  sac  (tig.  49o, 
br,  and  when  these  escape  (fig, 
•U^,  c)  they  in  their  turn  emit  an 
active,  spirally  twisted,  2-eiliated 
^ermaUjQuid  \d). 

The  awtkeridia  and  spemiato- 
^d»  of  Mosses  may  he  readily 
observed  in  Ptdytriekum  com- 
mtiiie,  the  male  plants  of  which 
fonn  their  "flowers"  (sUUuIcr 
maKutinee)  abundantly  on  every 
^Ath  i^  spring. 

The  archeffonia  are  vexy  much 
alike  mHepaticfB  and  Musci,  being 

fla^k-ahaped  cellular  cases,  with  a  Antheridinm.  aKhe«>nlnm.  &c.  of  Mowes :  a  ver- 
1  ^^&Va  AM  ^r  xs  aX^  **<**  aectaon  of  aronegomuin  with  germ-cell  from 
Wng  neck  (fig.  4^7,  a,  6 ;  ng.  4W,  PkoMtcm  eu»jMatum,  magn.  100  dSam. ;  6,  anthe- 
«),  found    generally    sevexul    to-     ridiiunoflwjrfrw*«ji»«w»i»mii«,  banUngtodiB- 

gwther,  commonly  at  the  ends  of    SSll^d?^*S2J^d'^the^*B^^  m^*"^© 

ulOOts,  surrounded    by   modified      diam. ;  d,  spermatosoida  of  the  same,  magn.  400 

leaves,  which  receive  special  ^■™-  •  -'» i«n«»»*aw  f™*  of  Pha»cum  hryoide* 
nimes  (pp.  431,  483),  forming  a 
kind  of  perianth.  In  Anthoceros 
ibe  archegonium  is  formed  in  the  substance  of  the  thalloid  stem.  When 
mature  the  archegonia  exhibit  in  their  basal  cavity  a  t/enn-corpuade  (fio*. 
497,  h ;  fig.  498,  a),  which  is  fertilized  by  the  passage  of  spermatozoios 
down  the  canal  of  the  neck  of  the  fiask-shapea  body.  In  any  case  this 
corpuscle  is  converted  into  a  cell  in  one  of  the  archegonia  of  a  flower, 
tbe  rest  remaining  barren  (fig.  497,  p  p). 

When  the  germinal  cell  is  fertilized,  it  begins  to  grow  by  cell-division, 
and  forms  a  cellular  body  which  causes  the  expansion  of  the  original  wall 
cf  the  archegonium  (fig.  497,  e).  After  a  time,  this  wall  gives  way,  in 
the  Mosses  by  a  circumsdssile  aeluscence,so  that  the  upper  part  is  carried 
upwards  (fig.  498,  e,  c),  afterwards  becoming  the  calyptra  of  the  sporo- 
fpmoni  (fig.  600),  whOe  the  lower  part  (fig.  498,  v)  remains  as  the 
wgirnle  (fig.  500,  e).  In  the  Hepaticss  the  sac  of  the  archeffonium  is 
Uiinally  ruptured  in  the  upper  part,  and  there  is  no  cup-shaped  calyptra 
fonned.  the  sac  becoming  ultimately  the  envelope,  corresponding  to  the 
vagbme  of  Mosses,  here  often  called  the  epigone  (p.  433,  fig.  601 B,  a). 

ibe  central  cellular  body  (fig.  497,  e)  undergoes  very  remarkable 
changes:  by  degrees  it  exhibita  afferent  strata  and  regions,  and  in  the 


(Terticnl  ■ection),  e,  oalyptim,  v,  vBginnle,  magn. 
40  diam. 
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most  perfect  forms  of  this  Class  ultimately  rises  out  on  a  stalk-Hke  proce^ 
from  the  vaginule  (fig.  600,  r),  and  becomes  a  sporogomum  fillea  with 
spores  (pp.  431,  433). 

Fig.  499. 


Oennination  of  the  spores  of  a  Moss  (Funaria  kygromtMea) :  e,  spore  sproatuif; ;  d,  more 
adTanced,  and  the  first  cell  dirided ;  a  and  b,  nasoent  leaf^bods  on  the  conferroid  proto- 
neraa.    Magn.  200  diam. 

The  mode  of  development  of  the  spores,  which  are  simple  cells  with  a 
double  coat,  or  a  proper  cell-membrane  covered  by  a  distinct  cufieular 
layer,  is  briefly  as  follows : — In  the  cellular  rudiment  of  the  capsule  con- 
centric layers  of  the  parenchyma  become  differently  metamorphosed :  the 
outer  layers  from  the  walls  of  the  capsule  and  the  sporangia!  membrane 
below,  continuous  with  the  peristome  (p.  431)  above ;  the  central  mass 
(in  Mosses)  is  developed  into  the  columella;  the  intermediate  layers, 
which  produce  the  spores,  after  multiplying  to  a  certain  extent,  form  free 
cells  from  the  whole  contents  of  each  cell ;  the  walls  of  the  original  or 
parent  cells  dissolve,  and  a  cavity  is  formed,  in  which  the  free  cells 
(parent  cells  of  the  spores)  lie  loose.    These  cells  become  divided  into 
four  chambers  by  septa ;  and  each  of  these  chambers  (snecial  parent  celk 
of  the  spores)  produces  a  single  free  cell  from  its  whole  contents.     The 
last-formed  cells,  set  free  by  the  solution  of  their  mother  cells,  are  the 
spore-cells,  which  when  ripe  are  found  coated  with  a  cuticular  layer, 
often  more  or  less  marked  with  points  or  reticulations,  like  polfen- 
gi'ains. 

In  the  subsequent  history,  another  kind  of  propagation  takes  place. 
When  the  spores  germinate,  they  produce  a  confervoid  stnicture  (pro- 
tofiema,  fig.  499),  from  different  cells  of  which  are  produced  a  number  of 
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bnda  fa,  b),  Mcb  of  which  grows  up  into  a  new  leitfj  stem,  fonning  h 
tatted  fTTOup  of  plants,  which  after  a  time  fructify  again  by  anlhendia  and 

MT7SCI.    MoasBB. 

■  Diatfnotu. — ScjTuni  Oeiterution :  Plants  of  a  diffused  or  creep- 
ing habit,  terreatriitl  or  aquatic,  with  imbricated  leaves  arranged  m 
from  two  to  four  rows,  and  branching  in  a  monopodial  manner. 
The  Bt«;inB  are  slender  and  con-  j-     gQQ 

tain  no  true  vascular  tissue. 
A  true  root  is  absent,  but  its 
funi-tions  are  performed  by 
root-hairs.  The  sexual  genera- 
tion arises  as  a  lateral  shoot 
from  a  protonema  produced  bv 
the  aaesual  spore  on  germina- 
tion. It  bears  the  autheridia 
sod  archegonia  —  the  former 
stalked  and  the  latter  sessile  on 
a  aarrow  base.  The  AgexMil 
Gnteralion  or  iporoffonittin 
arises  from  the  embiyonic  ceil 
of  the  archegonium  after  fer- 
tilization by  an  anthero7X)id. 
Ita  first  stage  of  development 
is  passed  in  the  calyptra, 
which,  on  being  ruptured  at 

the  Tagtnula,  is  earned  up  on     ,  

the_  apei,  where  the  capsule  ;S!twJ£l,T'^ti^^.'rr™'Ji."~™urof';;t: 
which  produces  the  spores  is  •i™n.oathr.uiiB«»ieofimpiifl«iiQnM*. 
formed  (figs.  497,  498,  500).  Within  the  capsule  is  a  sterile  mass 
of  tissue  called  the  columella.  The  epidermis  of  the  capside  splits 
to  permit  the  escape  of  the  spores. — Blustrative  Suborders :  Sri/a- 
cra,  Sjjhagnaua,AndriaKea, 

Id  the  Bbtace«  the  leaves  ai 
unnged.     The  planta  are  of  a  ci 

intheridia  and  archegonia  Me  pi 

aiils  of  leaves.  From  the  archegoni 
■biped  mc,  arises  the  sporogonium, 
wtC  of  the  archcgonii 


.tionofMoMcs:— A,  rVWrickuniab 
Iriie;  i,  iUc.p.Bip.  wilhoprrmlu^,™ 
id  aJiptra  (il)  ditactied ;  c.  tbi'  bu«  of 
ta.  with  Ulo  •ytnnulei  •.  opaule.  with 


smsll  and  scale-like  and  usually  spirally 

="itose  or  diffused  creeping  habit.     The 

:ced  either  in  lennioal  buda  or  in  the 

um,  the  out«r  part  of  which  is  a  flask- 

I  which  in  its  growth  tears  away  the 

Enn  J      -  '     "    '^°  ''**  *^  *  '""''  "'  **"■''  (iftfittula, 

fig.  500,  e),  and  canjing  away  the  upper  part,  which  becomes  more  deve- 
loped as  a  cap  or  hood  (co^m,  d] ;  this  more  or  less  encloses  the  uni- 
A^jed^capnOeJb}  irntil  it  is  mature  (fig.  600,  A> ;  the  stalk  of  the  eporo- 


gomnm  is  called  the  tela.     When  the  calyplra  falls  off  it  exposBS  t 
— ...1 i.;.i,  : L.      .  1     -1       g  jjj  (operculum,/)-,  when 


cspeule,  which  in  most  cases  has  a  decidut 
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the  lid  falls  off,  the  border  of  the  mouth  of  the  capsule  is  found  either 
naked  or  furnished  with  a  single  or  double  fringe  of  teeth  (perigtome,  e,hyz 
and  a  circular  piece^  called  the  atmulits,  sometimes  separates  from  the  end 
of  the  columella  in  this  place.  The  number  of  teeth  in  the  peristome  is 
either  four  or  some  multiple  of  that  number.  In  the  capsule  of  Mosses  is 
to  be  found  a  columella  or  stalk-like  mass  of  tissue  running  up  the  centre 
(10').  In  the  Pluucect  an  operculum  is  absent,  and  the  spores  escape  on  the 
decay  of  the  capsule.  It  mffers  slightly  in  its  general  structure  from  otfa #r 
Bryaeea. — Dlustratiye  Genera :  Pha9eum,  L. ;  Chrimmiaj  Ehr. ;  Tetraphis^ 
Hedw.  J  Spltiehnum,  L. ;  Dicranumy  Hedw. ;  Trif^tostoniumj  Hedw. ;  En- 
ealyptOf  Hedw. ;  Bry^tm.  L. ;  Bartramin,  Hedw. ;  Funariay  Hedw. ;  Pofy^ 
trichumf  L. ;  Hypnunif  L. ;  Foutinalis,  L. 

Sphagnacxjb  consist  of  the  species  of  one  gen  us,  Sphagnum,  The  plants 
are  aquatic,  and  are  commonly  known  as  ''Bog-mosses.''  They  are  of  a  pecu- 
liar  yellowish-green  aspect,  with  imbricate  (o-rowed)  leaves  and  fasciculate 
branches,  the  lower  or  which  are  long  and  deflexed.  This  genus  differs 
very  much  from  the  Bryacea  in  habit  and  in  the  structure  of  its  leaTe& 
The  chlorophyll-contaimng  cells  of  the  leaves  are  slender  and  elongated ; 
in  the  interstices  are  large  empty  cells,  the  walls  of  which  are  strengtnened 
by  a  spiral  fibre.  This  structure  causes  the  whitish  or  yellowisn-green 
colour  peculiar  to  them  and  to  a  few  similarly  organized  Mosses.  The 
antheridia  are  globose  stalked  bodies  and  resemble  those  of  HepaticdR 
more  than  those  of  Mosses.  The  sporogonium  possesses  a  short  turbinate 
seta,  and  a  capsule  which  dehisces  oy  an  operculum,  and  is  destitute  of  a 
peristome ;  the  columella  is  short  and  does  not  reach  the  apex.  A  pecu- 
liarity of  the  asexual  generation  is  the  existence  of  sporogonia  bearing 
spores  of  a  smaller  size  than  the  ordinary  large  spores.  This  Order  is 
remarkable  for  the  share  it  takes  in  covering  bogs  and  gradually  furnishing 
material  for  peat,  the  lower  parts  of  the  stems  gradually  dying  away  below 
while  the  summit  ascends ;  the  descending  lower  branches  of  the  iasciele9 
bind  the  whole  into  a  compact  mass.  They  abound  in  cold  and  temperate 
climates  in  boggy  places,  furnishing  an  article  of  food  to  animals,  and  even 
to  man  in  northern  regions. 

AxBiUBACKiB  are  csespitose  Mosses  with  erect  stems  and  imbricate 
leaves,  and  are  natives  of  mountains  and  polar  latitudes.  The  sporogonium 
has  coustantlv  a  terminal  position  on  the  stems  of"  the  sexual  plants  and 
is  destitute  of  a  seta.  The  capsule  is  sessile  on  the  receptacle  where  the 
vagintda  arises  and  bursts  vertically  into  four  valves,  which  remain  con- 
nected at  the  apex.  A  columella  is  present.  In  Acrochisma,  a  genus 
from  the  Antarctic  regions,  the  valves  separate  only  halfway  down,  as  in 
the  Phaacea  (Bryacea),  in  which  Archiaium,  like  Andrcea,  does  not  ele- 
vate the  capsule  on  a  seta,  but  carries  up  the  calyptra  simply  by  the  ex- 
pansion of  the  capsule.  Tn  the  4-valved  dehiscence  it  agrees  with  the 
Jungennanniaceee  [ffepatica). — Illustrative  Genera :  Andr€Ba,  Ehr.,  and 
Acrochisma,  Hook.  liL 
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The  Scale-niosses  are  minute  creeping  plants  with  small,  ^en,  cel- 
lolar  (Kale-like)  leaves,  imbricatelj  arranged  aluag  the  axis  in  two 
Nm9^  often  with  a  row  of  imperfect  leaves  (amphiffastrioj  iig.  501,  d) 
on  the  underside;  or  with  the  stem  thalloid,  i,  e.  forming  a  lobed  leaf- 
like  maas.  The  sporangia  have  oval  capsules  breaking  through  the 
stiamut  of  the  calvptra,  raised  on  a  thread-like  seta,  and  splitting  ver- 
ticallj  when  ripe  into  4  valves,  which  separate  more  or  less  widelv  mto 
the  form  of  a  cross  Tfig.  501,  B),  scattering  spores  mixed  with  elaters, 
dt:stitute  of  a  columella. 

The  Jungermanniete  (or  foliaceous  Hepaticae)  have  slender  ramified 
creeping  stems  like  those  of  branched 

Moaee,  being  more  delicate,  with  fig.  601. 

leaves  imbricated  in  a  di-^tichous 
uannery  so  as  to  give  a  flattened 
cWacter  to  the  branches  (fig.  501, 
K  d).  The  antheridia  and  archego- 
Riaare  produced  on  these  stems ;  and 
from  the  latterare  developed  the  spo- 
rogoniay  which  are  surrounded  at 
the  base  by  modX^e^ parkhepiial  and 
periffonial  leaves  and  by  a  vaginule 
1%.  501,  B,  <i),  which  differs  from 
t'lat  of  the  Mosses  in  being  the  en- 
tire sac  of  the  archegonium,  no 
Hooded  calvptra  being  carried  up  in 
^  Jimgermannie«e.  The  vagintde 
is  eomelimes  called  cah/ptroy  and 
Bometimes  epigone  \  the  circle  of 
leaves,  often  confluent,  surrounding 

it  form  the  nerigoney  perianth,  or  Organisation  of  Jungermannifl© :— B.  Radula 
**ttiolucfl:  and  these  are  surrounded  complanata  with  an  nnopened  and  a  bamt 
W  i\.n  JL.:^h^ti^1  /^«.,-.     «^n,-^A^       <»P~!?  =  ?' ^^ vaginule :  ft. the buritcapsule. 


ma^ifled ;  e,  spores  and  elaters ;  d,  fragoienfe 
of  tne  leafj  stem  of  Jut^ermannia  umbrota^ 
showing  the  distichous  arrangement  of  the 
leaves,  aad  the  amphigaHria  («}. 


ty  the  perichaUal  leaves,  peric/us^ 
ftwn,  or  incolucre.  The  capsules  are 
generally  elevated  on  thread-like 
sulks  (9et€B),  and  when  mature  split 
Bwly  or  quite  to  the  base  into  four  teeth  (fig.  601,  ft),  which  spread  out 
more  or  less,  and  set  free  the  spores  and  elaters  (c).  There  is  no  columella. 
The  genera  of  this  Order,  formed  out  of  the  old  genus  Jungermannia, 
pK«eDt  a  considerable  variety  of  conditions,  both  as  regards  their  vege- 
titiTC  structure,  which  is  either  frondose  or  foliaceous,  and  the  minute 
details  of  the  or^mization  of  the  calgptra  (epigone),  with  the  inoolucel 
{perianth  or  pengone)  and  the  involucre  (pericheetium)  which  surround 
it.  We  have  here  a  higher  condition  of  the  vegetative  organs,  nearer 
that  of  Mosses.  The  Jungermanniesd  arefoimd  in  shady  woods  and  moist 
ntattions  throughout  all  regions  of  the  globe,  and  are  most  abundant  in 
damp  tropical  woods.    They  have  no  important  qualities. 

The  Anthocbbote^  are  distinguished  from  the  frondose  form^j  of  Jun- 
frensanniese  by  the  absence  of  an  involucel  {perigone).    The  antluridia 
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Fig.  602. 


I 


and  archegoma  are  produced  in  canities  excavated  in  the  thalloid  stem  ; 
and  from  the  archegonium  springs  a  thread-like  or  pod-like  catmUej  which 
splits  down  longitudinally  into  two  valves  when  ripe,  and  displays  a 
central  columella^  and  has  both  spores  and  imperfect  Alters. — ^Illagtrative 
Genera :  Metzgeria^  Radd ;  Blasia,  Mich. ;  trnUanittj  Nees ;  Trichocoiea, 
Nees ;  Geocali/x,  Nees ;  and  Jungermatmiaf  Dill. 

The  Mabchantieje,  or  Liverworts,  are  minute  green  plants,  with 
a  stem  in  the  form  of  a  lobed,  leaf-like,  cellular  expansion,  rooting  by 
capillaiy  filaments  below^  with  an  indistinct  midrib ;  the  sporogonia  de- 
pending from  the  underside  of  a  capitate  or  radiate  receptacle  support<Hi 
on  a  stalk  arising  from  the  apex,  on  the  imder  surface,  of  the  lobes  of  the 
frond ;  the  capsules  bursting  by  teeth  or  by  irregular  fissures^  containing 
elaters  mixed  with  the  spores,  but  no  columella. 

The  Thalloid  Hepatic^  have  a  broad,  more 
or  less  succulent,  lobed,  leaf-Hke  expansion  in 
place  of  stem  and  leaf  (fig.  502) ;  this  is  to  be 
regarded  as  a  foliaceously  developed  stem  analo- 
gous to  that  of  Lefrma  among  the  Phanerog^amia. 
The  sporogonia  borne  by  the  thalloid  forms  are 
very  varied :  the  PeUie€e,  or  frondose  Jungerman- 
niesa,  bear  capsules  like  those  just  described,  but 
arising  from  tne  midribs  of  the  th^oid  stem ;  the 
Anthocerotese,  Riccieae,  and  Marchantieffi  are  very 
different. 

The  thalloid  expansion  of  the  Marchantiese 
sends  up  stalk-like  processes  from  its  marginal 
sinuses  (fig.  602,  A),  terminating  in  simple  or 
divided  cap-shaped  bodies  {receptacles),  on  the 
underside  of  which  are  found  the  archegoma ;  the 
arvtheridia  are  in  distinct  heads;  the  archegonia 
develop  into  the  capsules  of  the  sporog^onia  (6), 
which  usually  burst  at  the  apex  (c)  into  lour  teeth, 

sometimes  into  eight ;  in  certain  genera  a  lid  sepa-  Or^nisatioa  of  Marchan* 
rates  by  transverse  dehiscence,  and  in  others  the  SSwi^'baMrfM"***'^ 
capsule  bursts  irregularly ;  the  capsule  has  no  col%^  orpMa,oe^nng%n(»p 

mella,  and  its  spores  are  mixed  with  elaters  (d). 

The  Marehantieae  produce  cellular  bulbils  or 
gemmfe.  These  are  especially  remarkable  in  some 
of  the  thalloid  forms,  as  in  Marchanfia,  where 
they  are  developed  in  groups  in  special  cup-like 
receptacles. 

The  Marehantieae  grow  in  damp  shady  situations  in  all  climates.— Dlus- 
trative  Genei-a :  FegaUUa,  Radd  j  Fiagioc?iasma,  Lehm.  ,•  and  Marckantta, 
March. 

The  RicciACK.«  are  inconspicuous  MarchantiaAike  Liverworts,  growing 
in  mud  or  floating  on  water,  having  a  delicate  cellular  leaf-like*"  frond," 
with  the  sporogonia,  without  an  involucel  or  involucre,  immersed  in  or 
seesile  on  the  frond,  bursting  irregularly,  and  containing  no  elaten.  The 
antheridia  and  archegonia  are  also  imbedded  in  the  substance  of  the 


tede  of  fVait ;  6,  vertical 
section  of  tiie  reoeptade. 
shomng  the  sporaagea  on 
its  luder  •artace ;  c.  spo- 
ran^  bunting,  wi^  its 
TBginole  and  perigoae  laid 
open ;  d^  aporea  and  elafeer, 
bighlj  Biagnifled. 
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thaDdd  stem.  From  Anthocerotes  they  differ  in  the  abeence  of  a 
coliimella  and  of  nidimentarj  ebiters.  They  are  intereeting  as  exhibiting 
the  lowest  type  of  organization  in  the  Class  to  which  they  belong.  They 
•legeoeraUrdifliised,  comprising  8  genera,  with  about  28  species.  Genera: 
Buxia,  Midi. ;  Dunaa,  £.  and  Mont ;  SpJusrocarpuB,  Mich. 


Class  H.  THALLOPHTTA. 

BeflnitioiL. — Cryptogamous  plants  producing  in  vegetation  a 
thallua,  presenting  no  opposition  of  ascending  and  descending  axis, 
nor  contrast  of  stem  and  leaf ;  antherozoids  never  spiral ;  repro- 
duced by  spores  which  are  produced  in  parent  cells,  either  forming 
part  of  the  vegetating  thallus  or  growing  upon  the  surface  of  defi- 
nite regions  of  the  thallus  devoted  to  reproduction.  Spores  not 
producing  a  prothallium,  but  reproducing  the  plant  immediately. 

These  plants  correspond  to  the  ThaJIogens  of  most  authors ;  their  prin- 
dnd  points  of  distinction  from  Cormophytal  Cryptogams  are  above  given. 
The  vegetative  structures  of  the  plants  of  this  group,  which  form  their 
principal  bond  of  connexion  one  with  another,  and  their  moet  striking  cha- 
racter of  distinction  from  the  higher  plants,  present  a  great  variety  of 
ouaditions  within  their  own  limits.  Tne  thallus  is  a  purely  ceUular  ex- 
pansion, presenting  no  contrast  of  parts  analogous  to  that  between  the 
uds  (stem)  and  the  appendages  (leaves  and  their  modifications),  which 
exists  in  the  higher  plants ;  hence  they  are  necessarily  devoid  of  true  buds. 
A  special  regularity,  however,  and  a  determinate  du'ection  of  growth  are 
msnifested  more  or  less  clearly  in  all  cases,  givincp  definite  and  character- 
istic forms  to  the  thallus.  This  is  the  case  even  when  the  thallus  is  reduced 
to  the  condition  of  microscopic  filaments,  which  elongate  and  spread  in 
determinate  directions.  The  thallus  lb  exclusively  composed  of  ceUular 
tissue ;  and  its  more  minute  differences  in  the  various  classes  and  families 
of  this  division  of  the  Vegetable  Kingdom  require  microscopic  inves- 
tigation ;  but  certain  broad  distinctions  may  be  laid  down,  sufficient  for 
the  general  discrimination  of  the  classes  in  the  more  perfect  forms.  The 
bwer  forms  of  the  two  classes  of  Thallophyta  approach  very  closely  in 
th«ir  characters,  on  account  of  their  great  simphcity  of  organixatiODi 
which  excludes  the  possibility  of  many  difierentiai  characters. 


Division  I.  Alga. 

Oymnosporous  Cryptogams  living  in  water  or  in  damp  places 
exposed  to  the  light,  extremely  variable  in  size,  form,  colour, 
and  texture,  free  or  attached  by  root-like  organs,  sometimes  uni- 
oellalar,  at  other  times  having  a  branched  pseudo-stem  and  leaf -like 
appendages,  sometimes  of  large  size,  but  exclusively  cellular  in 
gtructore  and  destitute  of  stomata.    Plants  multiplied  by  subdivi- 
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Bion  of  cells  or  by  the  fonu&tion  oE  "  zoosporea."  Beproduction 
or  formation  of  spores  effected  by  the  antherozolds  emitted  from 
the  antheridia,  either  on  the  same  plant  (moncecious)  or  oa  different 
ones  (dioecious).  Sporea  motionless,  solitary,  or  iu  groups  of  four 
in  a  single  sporange. 

Oeuer^  Ramarki. — The  moat  familiar  examples  of  this  Class  are  the 
Seaweeds ;  but  it  also  includes  a  great  numbor  of  planU  found  in  fiesb 
water  and  in  damp  situatioDB,  many  of  which  are  altoiieUier  of  micro- 
scopic dimenuoDs,  and  invisible,  except  in  quantity,  to  the  naked  eye. 


_...      .  _.  __  >1  wiped  from  tii«  di«tk.  b  (miifL  SM"^ 

!A  i  a,  Pediallnan  Sorya*'"'  ■  *■  CWmminM  narjiQrilifiniml3«l 

ttmuiaJSttdiBm,);  A&c>»(«™«a«i™n™inKriiiii([«ti«i,wiUiU|» 

remllingipo«(200di«iiL).    C.  i>ia(i>iii«M:  a.iJiatoiiKi  nJ^or.;  6,  end  liewof  t  ■" 
{2U0 dism.).    T>.Filmiii<Mm:FamlarlMaMmmHWiiaa.i.    £.  fofrjrfiim fm-^J"" 

The  lowest  forms,  the  RJmellea,  consist  of  simple  cells,  of  most  rsned 
shapes,  usually  found  connected  tc^ether  in  definite  or  indefinite  mssM 
by  gelatinous  eicrstion  orproducts  of  the  decomposition  of  the  older 
cells  (figs.  604, 612,  B,a).  The  indlTidiial  cells,  each  often  reprefieociiigi 
distinct  plant,  are  characteriied  by  a  wonderful  diversity  and,  in  cerMJn 
jamilies,  beauty  of  form,  as  iu  the  Detmtdem  boA  Diatomacea  (fi)^.  503,1), 
C) ;  sometimes,  ae  in  the  Volvocineffl,  they  are  provided  with  vibniiye 
cilia,  and  exhibit  an  active  spontaneous  motion  (bg.  &0.'!,  D).    As  s  rul« 
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up  colour  is  green,  an  important  exception  to  this  being  formed  by  the 
DietamacetBy  which  have  another  special  peculiarity  in  the  existence  of  a 
niiceoiu  deposit  in  their  walls,  which  remains  as  an  indestructible  skeleton 
after  the  decay  of  the  organic  matter  of  the  plants.  Some  of  these  lower 
AJgsB  are  found  of  red  colour;  but  in  many  cases,  at  least,  this  colour  is 
oaly  characteristic  of  certain  stages  of  growth  of  kinds  which  are  green 
wiien  vegetating  actively.  It  is  very  probable  that  most  of  these  so-called 
wiicellular  or  pseudo-unicellular  Algae  are  really  not  independent  organ- 
lana,  but  stages  of  growth  of  some  other  plant,  perhaps  of  much  higher 
structure.  Thus  there  is  reason  to  think  that  these  unicellular  bodies 
may  not  only  be  stages  in  the  development  of  Lichens,  but  even  of  Mosses. 
One  remarkable  point  in  their  history  is  the  length  of  time  they  persist 
UQchanged. 

A  step  forward  in  complexity  of  organization  is  made  in  the  filamentous 
Algip,  composed  of  cylindrical  ceUs  attached  end  to  end,  and  thus  forming 
iong  jointed  tubes,  either  simple  or  more  or  less  branched  {^.  612,  C^ 
p.  4ol  J ;  the  ConfervoidesB  and  their  allies,  the  "  silk-weeds^  of  fresh- 
Fig.  604. 
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^almdla  erusjiia:  a,  maas  of  jelly  with"  ringle  cells,  iome  diTiding  into  two ;  6,  di'tached 
c*u^  had  gnniUefl;  c,  cells  treated  with  ■nlphorio  acid  and  iodine,  ahowing  the  cellolmr  and 
fnaslar  oootenta. 

^ater  pools,  afford  familiar  examples  of  this  structure ;  these  grow  at  the 
extremitj  of  the  filaments,  or  interstitially  by  all  the  joints  elongating 
simnltaneously. 

The  Ulveee  have  a  thallus  where  growth  in  breadth  is  added  to  that  in 
J^ngth ;  some  of  them  also  acquire  a  certain  thickness :  in  this  way  they 
become  leaf-like  expansions,  of  membranous  texture.  They  grow  by  ad- 
ditions all  round  the  margins  of  the  anterior  part,  often  lobed  or  divided, 
unt  of  homogeneous  tissue  throughout :  the  form  and  dimensions  of  the 
thallus  become  more  or  less  defimte  here ;  the  colour  is  mostly  green,  as 
in  the  Confervoidea). 

The  Red  Seaweeds  or  Rhodospermeae  exhibit  almost  every  possible 
lonn  between  that  of  the  branchea  filamentous  thallus  and  that  of  a  highly 
compound  or  dissected  leaf  (^g.  610,  p.  447)  or  a  shrub-like  collection  of  firm 
branches ;  and,  moreover,  tne  texture  of  the  thallus  varies  from  a  simply 
^embranous  to  a  cartilaginous  or  even  horny  substance,  caused  by  greater 
development  of  the  cellular  tissue,  which  in  the  higher  kinds  exhibits  a 
<™nction  between  the  coi'tical  or  epidermal  layer  and  the  internal  spongy 
l^fenchyma.  The  Corallines,  which  belong  to  this  group,  acauire  a  stony 
character  from  the  deposition  of  carbonate  of  lime  in  their  cellular  tissue. 
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The  colouTB  yaiy  in  this  Order;  they  are  red,  purple,  brown,  olive,  ftc, 
but  never  pure  green,  like  the  Confervoids. 

The  Olive-coloured  Seaweeds,  includiDg  the  Fucaces  (of  which  the 
**  Bladder-wrack  "  is  the  commonest  example),  and  others  of  very  different 
organization,  the  PhseosDoreae  and  Dictyotacefe,  exhibit  a  similar  grada> 
tion  of  form  in  the  thaJlus.  The  lower  forms  of  PhseospoTee  pre^nt 
tufts  of  branched  filaments  ]  the  higher  forms  of  these,  and  the  Fucacese, 
have  thick  leaf-like  or  stem-like  fronds  of  firm  texture  and  sometinaee 
enormous  dimensions ;  many  of  them  hare  a  shrubby  habit  of  growth, 
and  attach  themselves  to  stones  &c  by  discoid  or  branched  expansions 
from  the  base,  resembling  superficially^  the  roots  of  the  higher  plants,  but 
having  no  similar  function  or  anatomical  character.  The  thailus  of  the 
larger  forms  is  highly  developed  as  to  its  tissues,  having  a  distinct  corticiil 
layer ;  but  the  structure  is  strictly  cellular,  without  a  trace  of  woody  fibre 
or  vascular  elements.  The  colour  is  here  usually  olive,  brown,  or  some 
dull  tint  of  green-brown ;  never  bright  green,  as  m  the  Confervoids. 

Vegetative  reproduction  assumes  a  very  important  place  in  the  multi- 
plication of  all  Thallophyta.  Throughout  the  AlgsB  it  is  a  constant  phe- 
nomenon, and  one  illustrating  very  beautifully  the  physiological  homoge- 
neity of  the  thailus.  The  lowest  forms  multiply  by  dividing  into  a  number 
of  cells  or  segments  which  grow  up  to  the  dimensions  of  the  parent ;  this 
occurs  as  the  ordinary  mode  of  growth,  here  confounded  with  reproduction, 
in  the  Palmellea  (figs.  604, 512,  B,  41, 6),  DeemidietB,  Diatomaceof  (fig.  508), 
&c.  But  another  still  more  remarkable  form  of  vegetative  reproduction 
extends  from  these  up  to  the  highest  AlgsB,  namely  the  reproauction  by 
zoospores.  This  consists  in  the  conversion  of  the  semifluid  contents  of  in- 
dividual cells  (the  endochrome)  into  distinct  corpuscles,  and  the  expubdon 
of  these  from  the  thailus  by  the  bursting  of  the  parent  cell-membrane 
(fig.  606,  609,  612,  C,  d) ;  these  corpuscles  are  filled  with  green  or  olive- 
coloured  matter,  except  at  one  end,  which  is  provided  with  cilia  and  is 
sometimes  spoken  of  as  the  *'  rostrum."  The  cilia  are  excessively  minute, 
and  vary  in  number  in  difierent  genera ;  sometimes  the  whole  surface  of 
the  zoospore  is  covered  hj  them.  These  zoospores  are  usually  emitted  at 
a  fixed  hour  in  the  morning,  as  the  result  of  an  endosmotic  action  which 
causes  the  cell-well  to  burst  and  set  free  the  zoospores.  Sometimes  before 
thdr  liberation  they  are  seen  to  congregate  in  one  portion  of  the  cell,  and, 
as  it  were,  to  strike  against  the  cell-wall  and  cause  its  rupture.  Their 
activity  seems  to  be  directly  dependent  on  the  influence  of  light  After 
moving  spontaneously  for  some  time,  the  zoospores  lose  their  cilia,  become 
encysted,  and  grow  up  into  new  thalli.  In  botrydium  and  Aeet^jtbularia 
conjugation  of  the  zoospores  has  been  recently  observed.  In  some  Algfe, 
moreover,  there  are  two  sorts  of  zoospores — large  ones,  called  macrosoo- 
sporeSj  and  smaller  ones,  called  microaoospores.  Prinfrsheim  even  describes 
a  form  of  zoospore  which  has  the  facultv  of  remaining  dormant  for  long 
periods,  and  even  of  resisting  desiccation  tor  several  months,  at  the  expira- 
tion of  which  time,  if  circumstances  be  favourable,  it  germinates  and  forms 
a  new  plant.  To  such  zoospores  the  name  of  chnmisooepore  has  been  given. 
The  formation  of  zoospores  may  take  place  in  any  or  all  of  the  cells  of  the 
thailus  of  the  filamentous  and  foliaceous  Confervoids ;  it  occurs  in  certain 
definite  parts  of  the  thailus  of  the  Phseosporeee,  where  there  is  a  difference 
in  the  constituent  tissues.  It  has  not  been  observed  in  the  Bed  Seaweeds 
or  the  Dictyotaceae — ^where,  however,  a  distinct  kind  of  organ  is  found. 
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oSed  a  Utratpore  (fig.  <$10,  c),  which  appears  to  be  the  representative  of 
g^mmiparous  Teproduction, — ^nor  in  Fucacese,  where  the  only  known  kind 
cf  reproduction  is  hj  eexnal  organs. 

Strued  reproductum  has  been  made  out  clearly  in  Algae  belonging 
to  the  Confervoid  and  Fucaceons  groups,  and  in  the  Hhodospennece. 
The  PhieoeporeiB  at  present  are  only  known  to  produce  zoospores.  The 
essential  phenomenon  throughout  is  the  emission  from  an  antheridtum 
(»f  antherozoidB  which  are  endowed  with  a  power  of  locomotion,  and 
tihimatdy  come  into  contact  with  a  cell;  which,  in  consequence,  develops 
into  a  spore,  which  may  be  one  of  the  ordinfiry  cells  of  the  thallus  set 
apart  for  this  purpose,  or  may  be  contained  in  a  special  fruit. 

In  the  ConfeiToidece,  where  the  spores  are  developed  from  ordinary 
r«lli>,  diere  are  no  special  reproductive  organs ;  the  spores  formed  in  the 
impregnated  ceUs  acquire  thick  coats  (fig.  512,  dT),  usually  assume  a  red  or 
brown  colour,  and  are  set  free  by  the  decay  of  tne  parent  cell. 

In  the  Fucacess  the  fructification  is  lunited  to  definite  parts  of  the 
thaUns.  In  Fhcus  or  Ualidrys  (fig.  511),  which  may  be  taken  as  ex- 
amples, the  reproductive  structures  are  formed  at  the  ends  of  the  lobes 
of  the  thallua.  Externally  the  lobe  (called  the  receptacle)  presents  a 
thickened  appearance,  marxed  with  numerous  distinct  orifices  (fig.  511) ; 
tbese  orifices  lead  to  chambers  imbedded  in  the  thickness  of  tne  thallus 
i  called  conceptacks,  b),  bearing  on  their  walls  cellular  sacs  of  two  kinds — 
'•Tie,  the  larger  {spore^sacsj  «),  containing  the  spore-germs,  the  smaller 
i antk^ridia,  c)  containing  spermatozoids  (d)  or  impregnating  corpuscles; 
b-)th  kinds  of  sac^^  burst  and  discharge  their  contents  when  npe,  and 
the  spores  are  fertilized  and  encysted  while  swimming  freely  in  the 
water. 

The  Rhodospermese  and  Dictyotacese,  besides  tetrmpores^  have  spore" 
Mcs  and  atUheridia,  mostly  collected  in  "  friuts  "  of  definite  form,  some- 
times in  patches  or  lines  (sort)  on  the  surface  of  the  thallus,  like  the  sori 
^  Fems,  sometimes  imbedded  in  definite  groups  in  its  substance  (called 
faeella),  sometimes  projecting  more  or  less  from  the  surface  or  margins 
of  the  thallus  (fig.  510,  D,  d,  E),  when  they  are  naked  or  surrounded  by 
a  gelatinous  or  cup-like  involucre  (/aveUtauif  coccidia^  ceramidia).  The 
aniheridia  are  ustuEdly  found  arranged  in  groups  in  similar  situations 
{^.  510,  F,  a) ;  and  the  tetraspores  are  either  scattered  or  collected  in 
fniits  analogous  to  those  containing  the  spores  and  antlieridia  (fig.  510, 
B,  c).  The  antherozoids  are  immobile,  and  fertilize  the  sporange  by 
means  of  a  special  tube  projecting  from  the  latter  and  called  the  tricho^ 
ffi^.  Transformed  branches  containing  imbedded  tetraspores  are  called 
^ickidia.  The  sexual  organs  are  often  round  on  distinct  plants,  which  are 
thus  dioecious. 

The  OacillatoriacesB  are  at  present  only  known  to  increase  by  divbion 
—that  is,  vegetatively ;  the  l^hajosporese,  again,  are  only  known  to 
propagate  by  liberation  of  zoospores  from  special  cells  of  the  thallus. 
The  IHctyotaceffi  and  the  Rhoaospermeae  produce  a  peculiar  kind  of 
vegetative  ofi&et  called  a  tdraspore,  a  body  formed  mostly  in  special  locar 
lities  or  in  groups,  and  consisting  of  a  parent  cell  divided  into  four  cham- 
bers, the  contents  of  which,  when  set  free  from  the  parent  plant,  grow 
up  at  once  into  a  new  thaUus.  Besides  the  tetraspores,  they  nave  spores 
and  aniheridia.  The  antheridia  produce  minute,  ultimatelv  free  vesicles, 
i^rmatoatnds  or   afttherozotds,  according  to  Thuret  devoid  of  cilia  and 
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motionless ;  Derb^,  howeTor,  asserts  that  he  has  obseired  them  moTingr 
like  undoubted  spermatozoids.  The  antheridia  are  generally  found  in 
distinct  plants  from  the  spores,  and  the  tetrasporesm  a  third  series  of  fonus 
of  the  same  species. 

Where  the  sexuality  of  the  Alg»  has  been  ascertained,  we  meet  -witk 
the  process  of  fecimdatiou  under  three  different  forms,  and  these  forms  in 
subordinate  modifications.  The  three  forms  of  the  process  are : — Conpt- 
ffatiojif  or  complete  union  of  a  sperm-cell  and  a  germ-cell,  orijgiii^y 
undistinguishable  from  each  other  by  visible  structure,  occurring  in  Dia- 
tomaceie  and  some  Conferyoideae ;  Fecwidatum  of  naked  germ-corptucks 
by  ciliated  spernuUosoidSy  which  in  the  Confervoide®  occurs  within  the 
parent  cell  of  the  spore,  and  in  Fucacea)  after  both  the  germ-corpuscle 
and  the  spermatozoids  have  been  cast  ofi:*  by  the  parent ;  and  Fecundation 
of  naked  gciin-'CeUs  by  motionless  ovoid  or  globular  spermatozoids  ihroygh 
the  medium  of  a  special  tube  or  trichogyne,  as  in  Rhodospermese.  The 
importance  ot  these  phenomena  to  the  whole  theory  of  reproduction  in 
plants  renders  it  necessary  to  give  a  particular  account  of  the  processes  as 
occurring  in  certain  well-ascertained  cases. 

CoQju^tion. — In  Diatomaceae  (including  the  Diatome€e  and  Desmidiea)^ 
the  ordinary  mode  of  multiplication  of  the  plants  is  vegetative  pronaga- 
tion,  by  division^  resulting  either  in  the  formation  of  connected  "  families  " 
of  cells  (fig.  503,  C)  or  of  an  increased  number  of  separate  cells,  or  by  the 
extrusion  of  zoospores^  which  are  developed  into  new  cells  or  cell-families 
(fig.  508,  ft,  a\  This  kind  of  propagation  goes  on  actively  for  a  time 
under  favouraole  circumstances ;  and  the  mere  "  division,"  at  least,  may 
be  compared  to  the  vegetative  development  of  more  complex  plants. 

But  at  certain  epochs  this  mode  of  increase  is  exchanged  for  another 
kind,  in  which  we  have  cooperation  of  two  originally  distinct  cells  to 

Sroduce  the  new  one,  indicating  that  it  \%  a  phenomenon  of  sexual  repro- 
uction,  while  at  the  same  time  there  is  no  external  evidence  of  difference 
in  the  concurrent  cells.  The  genus  Closteritim  (fig.  603,  B,  c)  is  multi- 
plied vegetatively  by  division,  oT^fissiparous  propagation ;  at  certain  stages 
of  existence,  however,  the  cells  which  appear  as  if  about  to  divide  approach 
in  pairs,  and,  a  fracture  of  the  external  cell-membrane  having  taken  place 
at  the  usual  line  of  division,  the  contents  of  each  cell,  bounded  by  a  pri- 
mordial utricle,  escape,  come  into  contact  with  each  other,  and  become  con- 
fluent into  a  mass  which  assumes  a  rounded  form  (fi^.  503,  B,  d).  This 
round  body  becomes  coated  by  a  cellulose  coat,  and  ultimately  by  a  second, 
more  internal.  Its  contents  change  from  a  green  to  a  brown  or  yellowish 
colour ;  and  the  globular  cell  remains  after  the  two  empty  parent  cells 
have  decayed.  This  globular  body,  which  passes  through  a  stage  of  rest 
before  germinating,  is  sometimes  called  a  sporange,  not  a  simple  spore, 
since  its  contents  appear  to  become  segmented  and  divide  into  a  num- 
ber of  independent  germs  when  the  structure  recommences  active  deve- 
lopment. 

An  analogous  conjugation  of  two  cells  takes  place  throughout  the 
DesmtdieeCj  and  it  has  also  been  observed  in  many  I)iatome€B ;  in  all  cases 
the  product  is  a  resting  sporangial  cell  or  frustule,  t.  c.  a  cell  possessbg 
more  than  one  firm  coat,  which  produces  two  or  more  germs  wnen  about 
to  throw  oft'  those  coats  to  develop  into  a  new  plant  of  the  form  of  the 
parent.     Conjugation  exhibits  many  minor  variations  in  the  groups  of 


Iit$wudiem  and  Duitomeir ;  and  among  unicellular  Algte  it  litia  been  ob- 

■etied  la  the  looepores  of  Hotrt/dium. 

Id  Spirogyra  (tig.  612,  A,  a),  Zygnema,  and  Fig.  505. 

one  or  iwo  other  genem  of  Slamentous  Conter- 

'Viuia,  oidinary  growth  hy  cell-diiisiuQ  ia   m- 

duigcd  for  a  prucees  of  conjugation  at  certain 

cfocbs.    Two  liinmeDts,  lyitig  aide  by  side  (tig. 

^\2,  A,  b),  exhibit  oapillarj  elevations  of  the 

ctD-wftila  on  the  sides  next  their  oeighboure : 

thne  procKESeH  elongate  until  they  come  into 

oDUct ;    the;   then   adhere,    and   the    septum 

tirmcd  at  the  plane  of  union  becomes  absorbed, 

ID  that  the  two  cells  become  connected  by  a 

tubular  proceaa,  a  kmd  of  isthmus.   The  contents 

of  ihe  cells  meanwhile  retract  themselvea  from 

tlie  wall,  lose  their  spiral  appeariiuce,  and   be- 

(sinccoiideQsedintoa  mass:  tnen,inaome  eases, 

ilie  whole  contents  of  one  cell  travel  through  the 

isthmus  into  the  opposite  cell  (c) ;  in  others,  the  " 

eanieats  of  both  pass  into  the  isthmus,  which  ■. 

Hpsods  into  a  globular  cavity  in  the  middle- 
In  either  case  the  contents  of  the  two  cells  be- 
come combined,  and  they  form  a  globular  or  oval 

^re,  which  produces  two  or  three  firm  coats, 

niters  a  stage  of  rest,  and  remains  after  the  pa- 

iiaitfilainentahavedecayedawaj(fig.  512,  A,d). 

Aflraatime,  osually  in  the  spring  succeeding  the 

firmaiioD  of  the  spore,  this  germinates,  bursting 

it!  ooats  and  sprouting  out  into  a  new  tHamenc 

like  the  parent  (Gg.  512,  A.eJ.    This  conjugation 

of  ^Mrqj^a  and  its  allies  naa  long  been  known, 

tod  was  without  a  parallel  for  many  years ;  but, 

u  stated  above,  an  analogous  process  occurs  in 

An/OTiMie and  2>r«niiiAV(candutherplanta,andit 

i*  enentially  related  to  the  processes  of  fecunda- 

tioQ  by  spermatoioids  next  to  be  described. 
Fteacdatlon   bj  Sparmatoiold*. — The  history 

of  the  fertiliiation  in  (FAogonium  is  one  of  the 

most  curioiu  points  in  the  whole  range  of  vege- 
table phyeiolufiy,  especially  so  as  regards  the 
Bale  organs,  which  undergo  a  complex  course  of 
development  as  follows.  Un  the  same  plant  that 
produces  the  female  spore,  or  in  some  species  on 

another  individual,  are  formed  special  cells  (Kli^aiHiini  dfioiuia :  A.  ordi' 
ctlled  "  microgonidia  "  or  "  audrosporee."  The  ;^3o^";;,%7^  toil^"! 
office  of  these  cells  is  to  produce  ultimately  an-  o,  c,  iponnfui;  B.  B,  »b- 
tberidia,  in  -which  latter  spermaloioids  are  dnxporM.onr  bwingwa 
formed.  The  androsporeg  are  formed  ia  the  thi'h'ii'dftaSi'oiirD',  ei- 
ordioary  cellsof  the  plant, and  escape  (i-om  them  tRnuijarihcpUni. 
by  mpturp  of  the  walls  of  the  parent  cell  ad  an 
ojdinaiy  zoospore  would  do,  and  like  it  they  swim  about  in  the  water  for 
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K  thallus,  the  androspora 
spore  nr  sporangium. 

lu  this  ntuation  ihey  grow  iDto  a  sort  of  prothallus;  the  lower  part 
IjecomeB  diiated  or  pear-Siaped,  while  the  upper  eitremity  develops  one 
or  two  Bmall  cells  ooe  over  the  other.  These  are  the  antheridia;  and  in 
each  of  them  is  formed  a  gpemiatozoid,  the  fecundating  bodr-  These 
latter,  when  matare,  are  ciliated  aod  butt  against  the  top  of  ue  authc- 
ridium,  aod  at  length  cause  its  detachment  in  the  shape  of  a  littlu  lid. 
In  this  manner  they  escape  from  the  antheridiiim,  move  about  for  a  time 
in  the  water  h;  means  ot  their  cilia,  and  ultimately  pass  into  the  female 
spore  through  on  opening  preTJouslv  specially  prepared  for  its  passage  in 
tfao  summit  of  the  female  spore,  itere  the  BpennaUiioid  comes  into  con- 
tact with  a  quantity  of  colourless  granular  mucilage  formed  in  that  situa- 
tion prior  to  fecundation,  the  distention  consequent  on  which  seems  to 
account  for  the  formation  of  the  aperture  through  which  the  fecundating 
hody  passes.  The  spermatozoid  touches  the  muraWe,  or  even  penetrates  it 
to  some  ext«nt,  and  becomes  blended  with  it,  and  thus  fertilises  the  spore, 
which  subsequently  becomes  invested  by  a  cell-wall  in  the  ordinary  way. 

Vmirheria  is  a  genus  of  filamcntaus  Conferroid  Algfe,  in  which  the  lonir 
branched  tiluoent  consists  of  a  ungle  enormously  aereloped  cell     This 


epochs  lateral  structures  are  developed  at  the  sides  of  the  filament^  is 
branch  cells,  which  become  shut  off  from  the  main  tube  by  septa;  some 
of  these  processes  expand  into  oi'ate  and  healted  or  bird's-head-shaped 
bodies,  otners  into  short  curled  filaments  or  "  horns."  The  former  are 
gporanges,  the  latter  anfheridia  (fig.  50G).     ^^'hen  ripe,  the  atUheridia  or 


"  boms  "  discharge  their  cel]-conl<^nts  in  the  form  of  numerous  arondb 
shaped  corpuscles,  moving  actively  by  the  help  of  a  psir  of  cilia.  Meaii 
while  an  orifice  is  formed  in  the  bet^  of  the  sporange.  and  some  of  the 


Z 


lermntozoids  make  their  way  in,  so  as  t«  come  into  direct  contact  with 
le  cell-contents.     This  phenomenon  is  followed  by  the  closinp-up  of  tlis 

sporange  by  a  membrane,  and  the  converuon  of  its  contents  into  a  fertils 

reetinii-tpore. 

iSJ)iipro;)^fl  is  anothergenuaoffilamentonsConfervoids,  composed  of  two 

rows  of  cylindrical  cellfl,  in  which  fertilization  of  the  resting-fljwres  ij 

spennatozoids  has  been  directly  observed  (Cohn).    In  some  of  its  rtt' 


tba  eontcnU  ftre  coiiTerted  into  a  number  of  globuUr  bodiea,  in  othan 
ibe  conteoU  are  developed  into  numeroLu  spermatozoids.  When  mature, 
uri&cea  are  formed  in  wilUb  of  tbe  cells  of  both  kinda ;  the  epemUitozoids 
cacwM  fiom  their  parent  cell,  and  make  their  v.aj  ia  through  the  orificBS 
I'f  tbe  parent  cells  of  the  sporex ;  the  latter  when  fertilized  produce  their 
relluloae  coat  and  ripen  to  TeBting-spoTes,  which  are  set  irea  bj  the  decay 
uf  the  parent  filaments. 

Analogous  phenomena  have  been  recently  obeerved  in  Tarioua  other 
filamentous  ConfeTvoids,  as  in  (L'dogomum,  BuUmchate  \  and  Cohn  has 
described  ■  similar  process  in  Volmi. 

The  mode  of  fertilizatioD  in  the  Florideffi,  or  Red  Seaweeds,  has  been 
Tell  made  out  by  MM.  Thuret  iind  Bomet,  who  thua  describe  the  process 
io  Eelmittthora.  A  small  cell,  originating  ou  the  side  of  one  of  the 
dicbotomouB  filaments  of  vhicli  tbe  frond  is  composed,  elongates,  dividfs 
traunersely,  and  becomes  a  short  bnmchlet  made  up  of  four  superposed 
rells,  of  which  the  uppermost  aJone  continues  to  develop.  Shortly 
there  may  be  seen  projecting  from  the  summit  of  this  uppermost  division 
a  little  protuberance,  which  gradually  lengthens  into  b  long  hysline  hair, 
often  dilated  at  the  extremity.  This  is  the  iricltogyne  or  essential  organ  of 
feruliiation.  When  the  spermatozoids  (here  globular  and  motionless) 
come  into  contact  with  the  upper  part  of  this  hair  they  adhere  ta  it. 
Then  the  cell  which  forms  the  base  of  the  trichogvne  swells  and  divides 
into  seirmeuts,  and  ia  soon  transformed  into  a  small  cellular  mass,  which 
inaduallv  forms  the  young  "cystocarp  ''  or  mass  of  i^piires.  Thetrichogyne 
imdually  disappears.    In  CaUitkam- 

n^thea^rgregationsofsporescolled  I^.  507. 

fimUa  are  formed  from  the  side,  ^_^ 

not  at  the  base,  of  the  trichog>*ne,  '  ilfli^ 

iDfoa^equpnceof  fiK^undationby  the  IJ^^^BX 

■ntherozoid.     Fl^re,  then,  we  have  T^^HE' 

motionleps  anlherozoids   formed  in  ^^S^ 

the  antheridium  of  <)De  plant,  escap-  ^^^h 

in;  and  coming  into  contact  with  **  ^^^B 

tb«free  end  or  style-like  process  of  M^^m 

■nutber  plant;  and,  as  a  result  of 
this  contact,  the  cell  at  the  base 
divides  and  subdivides  into  a  mass 


llieo 


f 


le  observations  made  by  Thuret 
sa  pDcaceie  are  very  decisive.  In 
thi>  Order  the  concef/tacl^t  produce 
in  their  interior  bodies  of  two  kinds, 
mtknidia   (lig.  611,  c)  and  tpoif'  — 

•"'■((fig.  511,  f),eithertogetherorin  Dcriopment  tui  fwtiiiietioii  of  qwrn  of 
•ffMrate  conceptncles  (mon«cioiw),  j^il^'J^rtE?^;  ^c  ^"Xurtriib^ 
iria  separate  plants.  The  anthe-  iheipunni  a.  aftr^nwrp  (ilrtoidof  »liii- 
ridia  divharjre  2-ciliated  spermato-  |^„"'fJed'^"i^h^/!EuXl?^' j" 
>«A(fig.  511,  c{),  which  are  poured  Iht  Hmc  gfrnuutiDg.  Usgn.  IWdiusetorL 
™il  through  the  pores  of  the  recep- 

'(uifi  (tig.  51],  a)  into  the  surriiunding  water.  At  the  same  time  the 
fpore-sac  (fig.  611,  e)  bursts  and  emits  an  inner  sac  (fig.  5(17,  n),  in  which 
msT  be  observed  2,  4,  or  8  (o)  pphericHl  corpuscles,  deslitutP  of  acelliilone 
nemlnwie;  this  inner  sac  breaking  luo^  bursts  and  discharges  ltd  cor- 
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puscles,  which,  like  the  spermatozoids,  pass  through  the  pores  of  the 
receptacle  into  the  water.  Here  they  become  surrounded  by  a  cloud  of 
spermatozoids  (fig.  607,  b)y  which  attach  themselves  to  the  surface,  and 
by  their  ciliary  movement  cause  the  spheres  to  revolve.  In  the  course 
of  a  few  minutes^  usually,  a  cellulose  membrane  is  formed  upon  the 
surface  of  the  globular  corpuscle  (by  secretion  from  its  primordial 
utricle  ?),  and  it  becomes  a  cell  (tig.  607,  c),  which  subsequent! j  ger- 
minates, growing  by  cell-division  (tijy.  607,  d)  into  a  new  frond. 

These  observations  upon  the  fertilization  of  the  germinal  corpuscles  of 
the  AlgsB  are  of  extreme  interest,  both  as  oifering  examples  of  the  process 
of  sexual  conjunction,  and  as  affording,  like  the  development  of  zoospores, 
beautiful  illustrations  of  the  theory  of  free-cell  formation  by  the  produc- 
tion of  a  cellulose  coat  around  a  naked  primordial  utricle  after  it  has  been 
completely  separated  from  the  parent, — a  phenomenon  rarely  met  with  in 
the  nigher  plants,  where  this  kind  of  cell-formation  can  only  be  observed 
in  the  interior  of  the  parent  structures,  as  in  the  embryoHsac  of  the 
Phanerogamia. 

In  the  conjugating  Algee  we  observe  the  new  ceU  to  be  produced  bv 
the  complete  union  of  the  entire  contents  of  the  sperm-cell  and  germ-cell, 
which  are  undistinguishable  from  each  other.  In  the  other  kinds  cited, 
the  contents  of  the  germ-cell  become  converted  into  one  or  more  globular 
corpuscles,  rudimentary  spores ;  while  the  contents  of  the  sperm-celU 
are  developed  into  numerous  minute  corpuscles,  usually  of  a  spindle  shape 
(not  spiral),  moving  actively  by  cilia.  The  corpuscles  of  the  germ-cells 
acquire  a  cellulose  coat  and  become  cells ;  the  spermatic  corpuscles  dis- 
appear after  they  come  into  contact  with  the  nascent  spores,  either  dis- 
solving or  becoming  absorbed  into  the  substance  of  the  latter. 

CHARACE.E. 

Class  AlgfB,  JSndl.    All,  Algales,  Lindl. 

Diagnosis, — Water  plants  having  verticillately  branched  stems, 
rooting  more  or  less  at  the  joints ;  the  stems  either  simple  tubes, 
or  with  the  central  tube  clothed  by  a  cortical  stratum  of  smaller 
tubes  which  grow  over  the  intemodes  from  the  top  and  bottom 
and  meet  so  as  to  envelope  it.  Reproductive  organs  of  two  kinds, 
found  on  the  whorls  of  branches : — (1)  axiUary  oval  sporangia 
{muiules\  consisting  chiefly  of  a  central  cell  with  a  cortex  of  spiraJiy 
wound  tubes  ending  in  a  crown  of  teeth  above;  and  (2)  little 
globular  antheridia  (globules),  sessile  on  the  branches,  bursting 
when  mature  into  8  triangular  valves,  the  centre  of  each  valve 
b'mring  a  stalk  whence  arise  microscopic,  jointed,  confervoid  fila- 
ments, each  joint  of  which  gives  birtn  to  a  2-ciliated  filamentous 
spermatozoid.  The  nucules  fall  off,  germinate,  and  produce  new 
plants. — Illustrative  Genera :  Nitella,  Ag. ;  Tolypella^  A.  Br. ; 
Lgchnothamnus,  Rupr. ;   Cluira,  L. 

structure  and  Life-history. — The  reproductive  organs  of  this  Family 
are  very  distinctly  characterized,  and  borne  in  a  conspicuous  external 


pcatiao.  Tbe  two  kiade,  male  and  female,  called  re.ipectivelj  the  globule 
tLi  the  Hucuie,  occur  eithet  together  on  the  same  branch  ol'  the  plant, 
00  distinct  bnuKhes,  or  on  separate  plants. 


Omfimfiiit—A.  Portion  of  bnnch:  a,  «dnll  globule;  S,  nncule,  c,  iu  cioini  of  [wth; 
t  r,  lUrila  bfuohlcU :  x  W.  B :  a,  slobDle  in  ctiiinu  orrannUioii :  (  i,  tooi«  nmnU  i 
■.DaUcell;  a,  ImhI  Dell  IwtSHn  tEe  btmeaC  the  globule  ud  of  thi  nodAlgcll ;  »r, 
alliof  bimBohlelDOTeredwith  wtUi;  X  SH.    (From  Sicfai.) 

The  globule.  Or  antimWturn  (fig.  508),  is  a  sphBrical  case  composed 
nSaght  triangular  segmental  piecea,  each  of  which  is  formed  of  a  number 
'Ocelli  ndiating  from  a  central  one  ;  all  these  have  red  or  orange  con- 
triiB,  imparling  a  colour  to  the  globule  as  seen  in  it?  natural  condition. 
Frum  the  central  cell  of  each  valve  proiecta  inward  an  oblong  cell,  the 
imbrium  (fig.  500).  Theee  eight  cefls  meet  in  the  centre  together 
ith  the  apex  of  a  flask-shaped  cell  which  enters  the  globule  at  ibi  base, 
fwmaa  the  pedicle  by  which  it  is  attached  to  the  branch.  Where  these 
"iM  cell*  meet  in  the  centre  la  found  a  little  cellular  maas,  from  which 
VWiDumberof  slender  jointed  filaments.  When  the  globule  is  mature, 
lU  Tslves  separate,  and  each  carries  awaj  its  central  cell,  bearing  a  tuft 
»'  the  jointed  filaments.  The  cells  forming  the  jointe  of  these  fitamenla 
•w  then  seen  each  to  contain  a  minute  spirally  coiled  thread  (fig,  500), 
vbich  makes  ita  wa^  out  and  appeara  aa  a  2-ciliatcd  actively  moving 
'P'^^iatiiand,  resembfing  those  of  the  Mosses. 

Themcufc  (fig.  COS,  S)  consiata  essentially  of  a  large  oval  cell  surrounded 
'!  ^  dotitde  coat  and,  onlidde  this,  by  live  spirally  coiled  and  intimately 
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connected  cortiwil  filaments.  The  five  spiral  cells  terminate  fit  thesummit 
in  flTe  (or  ten)  teeth  ;  and  it  appears  that  these  teeth  eeparate  from  each 
other  at  a  certain  epoch,  leavMij;  a  free  paaaa^  down  die  centre  to  tie 
wall  of  the  central  call.  In  this  sUte  we  may  compare  the  structure  to 
Fig.  600. 


^ 


ICUtUa  JltrOU.~i,  maDDbriDm  of  Kgiumt  of  riobale,  niA  mnnawu  BUmraM  in  which 
thu  ulhsnuida  He  dereloped ;  KpoRiOB  cirai*miBt,T«7hitUjiu«iua«diC.utlii- 

an  arckeffonium,  or  to  an  ovuk  of  Phanenigamift.  The  spennatozoids 
from  the  globule  pass  into  the  eanal  between  the  crown  of  teeth  of  the 
nucule,  and  cause  it  to  become  fettile.  The  product,  however,  of  the 
fertilized  central  cell  is  not  a  free  embryo  or  a  spore,  but  it  becomes  itself 
the  first  cell  of  the  new  plant,  like  a.  spore.  After  fertilization  the  nucule 
drops  off  from  the  parent,  passea  through  a  stage  of  rest,  and  in  Ihe 
following  sensan  germinates  like  a  seed  or  spore  and  grows  up  at  once 
into  a  new  plant.  Pringsheim,  however,  states  that  the  apore  develop* 
a  true  prothallus  like  that  of  the  Mosses. 

Dlitribatlon,  ho. — The  Characete  grow  in  stagnant  water,  and  manj  of 
them  acquire  a  dull  aspect  and  brittle  texture  by  becoming  encrusted 
with  carbonate  of  lime,  apparently  precipitated  from  calcareous  matter  in 
the  water,  since  it  is  often  deficient  in  cultivated  specimens.  The  on- 
encTUBted  kinds,  the  simple  tubes  of  NiteUa,  and  the  young  shoot; 
generally  are  well  known  as  objects  displaying  in  a  beautiful  maimer  the 
rotation  of  the  (»ll-3ap,  which  takes  place  throughout  these  plants.  The 
abundant  protoplasmic  call-contents  cauM  these  plants  to  give  off  a  veir 
offensive  odour  when  decaying.  The  species  occur  all  over  the  worii 
most  commonly  iu  temperate  climates.  They  have  no  known  uses,  and 
are  r^arded  as  noxious  from  their  smeU  when  undergoing  decompoidtioD. 

EHODOSPEKME.E  ok  FLOEIDE^.    Bed  Sbawskbb. 

CW(  Algie,  £»(J7.    ^tf.  Algales,  £tr>d£ 

Diagnimt — (Fig.  510.)     Marine  Aigse,  mostly  of  ft  red-purple, 

rarely  olive  or  brownish  colour,  with  a  ihallua  either  foliai'eoua  or 

of  bnuched  filunenti,  Bometimea  encrusted  with  carbonate  of  Uae. 
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Keprodnced  by  spores  (E)  formed  in  special  sporangia,  which  aro 
firher  soperliciaJ  or  plunged  in  the  frond,  and  contained  wi+hia 
sp^ial  cavities  or  "  conceptacles  "  (D)  of  varied  form.  The  sporange 
ia  provided  with  a  special  tube,  or  "  irithogyne"  by  means  of  which 

Fig.  510. 


OipuBliin  of  Hhnda-iimiiFiB:— A.  Put  of  ■  tlwllni  or  Irood  of  taumeia  pHtnaH/Ua. 
B.  A  quDifl^  frAgmvnt  of  %  ]obiil«  witb  fbcbidiH  conteUiiDg  l«tn(i|wtva  like  c«minora 
bihd:1M  Ajtutk  D.  Lobnlfl  of  thi.  fronil  brtring  oerainidu  or  Hpore-ouocvpUcLot :  d.  Ab 
Vf*>-    R.  Bpom&om  theiuDF.man  magniflcd.    F.  Lobule  of  a  Dvwl  baAriag  imthe- 

it  ig  fertiliaid  bv  the  antherozoid ;  accompanied  by  aniherUlia  (F), 
toataiQiDg  a  gingle  motionless  antherozoid  nithout  cilia,  and  by 
WnupoTM  (B,  c),  collections  of  4  cells  formed  in  speciaJ  parent 
«lls  in  similar  situations  to  those  of  the  spores. — Illustrative 
Suborders: — Subord.  1,  Hrodomele.K  :  Bhodomila,  A^.;  Polysi- 
^•onia,  Grev.  Subord.  2.  LicaEHCrE*  :  Laureticia,  Lamr. ;  Vhy- 
''^'iadia,  Grev.  Subord,  3.  Corallinejb  ;  Corallintt,  Toumef. ; 
^'^A<na,  Lamx.  Subord.  4.  I)£l£8S£BI££  :  DeUmena,  Lamx. ; 
^/womiuui,  Grev,  Subord.  6.  Spilxsococcks  :  Plocaria,  Nees ; 
^e^ufnmeeui,  Grev.  Subord.  6.  Cktptoni;mie«  :  Phyllopora, 
^ni.;  Choiidnit,OTev.  Subord.  7.  Cebamie^;  CalUthamnion, 
LjDgb.j  Orijitlma,  Agh.;  Ceramiam,  Adaaa.      Subord.  8.    Pob- 

PUYBXi;  Parphyra,  Agh. 

Strnmm  uid  Uh-hlatory. — Inspite  of  theTarietiesofformprasented  in 
'iiii  Order,  there  is  bo  close  an  eMeotial  agreeniMit  in  their  orgBnization  tbat 
'''"J  iitinctly  appear  a«  members  of  one  untural  group,  with  chomct^rs 
*lioH  Ttlae  IB  only  equivalent  to  that  of  some  of  the  subdivmons  of  the 
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groups  FucoideaB  and  Confervoideee  of  Harvey  and  others,  with  which  they 
are  usually  placed  paralleL  The  character  of  the  spores  seems  to  he  the  same 
throughout,  although  the  fruits  in  which  they  are  contained  offer  several 
successive  degrees  of  complexity :  the  favelia  of  Ceramiea,  and  the  favel- 
lidia  of  Crifptonemiece,  immersed  or  superficial  groups  of  spores  surrounded 
by  a  hyaline  coat — the  coccidia  of  belesserieay  hollow  cases  with  thick 
membranous  walls,  containing  a  dense  tuft  of  spores  arising  from  a 
central  peduncle — and  the  ceramidia  of  Pofysiphoma  &Cm  ovate  or  urn- 
shaped  cases  virith  thin  and  membranous  walls,  having  a  tuft  of  spores  at 
the  oase — all  these  are  but  slight  modifications  of  odc  (the  conceptacular) 
kind  of  fruit,  which  produces  the  true  spores.    The  various  modes  of 
arrangement  of  the  tetraspores  (which  appear  from  Pringsheim's  obsen'ft- 
tions  to  be  gonidia,  or  gemmulary  bodies,  since  they  grow  up  at  once  into 
a  new  thallus,  while  the  other  spores  do  not) — the  scattered  arrangement, 
the  son  or  definite  groups,  and  the  stichidia  or  metamorphosed  branches 
enclosing  tetraspores,  have  a  like  relation ;  and  an  analogous  relation  runs 
through  the  modes  of  arrangement  of  the  antheridiay  which,  it  may  be 
mentioned,  are  rarely  found  in  the  same  individuals  of  the  species  as  the 
spores.    The  antheridia  discharge  minute  spherical  corpuscles,  to  which 
the  best  observers  deny  the  power  of  spontaneous  motion,  as  is  the  case  in 
regard  to  the  spermafia  oi  Lichens  and  Fungi :  but  they  are  generally 
supposed  to  have  a  fertiliring  function.    The  simpler  forms  of  thallus 
occurring  in  this  Order  relate  it  to  Ulve€B  and  ConfervoidetB,  while  the 
existence  of  tetraspores,  globular  spores,  and  antheridia  in  the  Dictyotaceaj 
makes  that  Order  form  a  direct  transition  to  the  Fucaceae.    The  mode  of 
fertilization,  by  means  of  the  antherozoids  and  the  trichogyne,  is  de- 
scribed under  the  head  of  Reproduction,  p.  439. 

Dlstrnratloii. — The  Bed  Seaweeds  are  generally  diffused,  but  diminish 
from  warm  temperate  latitudes  both  to  the  equator  and  the  poles.  They 
occur  in  deeper  water  than  the  Olive  Seaweeds,  and  below  tide-marks, 
flourishing  best  in  quiet  bays. 

Qualities  and  ITsM.— The  abundant  gelatinous  or  homy  substance  of 
the  thallus  of  many  kinds,  composed  of  a  modification  of  cellulose  related 
to  gum  and  starch,  renders  them  nutritious:  Chondrus  crupus  is  the 
^  Carrageen "  or  Irish  Moss ;  Rhodymenia  paLmata^  Irid€ea  edtdi^  and 
other  plants  of  the  Order  yield  a  similar  excellent  jelly  when  boiled, 
Hocana  Unax  is  largely  used  by  the  Chinese  for  makinjr  glue.  Some 
have  pungent  q^ualities,  as  Laurenda  pinnatifida^  called  "  Peppe^4ulse.^ 
Hocaria  ifelmtnthochoHon^  Corsican  Moss,  has  the  reputation  of  beini^ 
anthelmintic.  The  CoraUineee^  including  common  Corallines  ((hraUina 
officinalis)  and  "  Nullipores  "  (Melobesid),  long  supposed  t-o  be  of  animal 
nature,  are  very  curious  on  account  of  their  complete  interpenetration  by 
carbonate  of  lime,  giving  them  a  brittle  and  sometimes  stony  character. 

DiCTYOTACKJB  are  olive-coloured  Seaweeds  vnth  a  continuous  thallus, 
bearing  the  reproductive  organs  in  definite  groups  or  lines  (sort)  upon 
the  surface — ^tne  spores,  tetraspores,  and  antheridia  being  all  developed 
in  an  analogous  manner  from  the  cortical  layer,  bursting  through  its 
cuticular  pellicle.  This  small  Order  is  included  by  Decaisne  in  the 
Section  Laminariese  of  the  Tribe  Aplospor«*flB,  but  has  been  shown  by 
Thuret  to  be  quite  distinct  from  the  other  Olive-coloured  Seaweeds;  it  is 
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TtTf  intereating  a«  presenting,  in  a  special  cooditioc,  exactly  dmilar 
nan*,  tetnsporea,  and  Hnthendis  to  those  of  the  Rhodospenaefe,  which 
tber  thus  connect  with  the  Fucaceffi,  with  which  thej  agree  in  habit  and 
wit})  which  thej  were  formerlj  combined.  Thej  belong  rather  to  warmer 
bcalitiMi,  and  are  more  delicate  than  the  Fucacete,  BOmetimes,  as  in 
iWiiu,  exhibiting  attractive  colours.  Therare  of  no  known  use. — Genera: 
Dictyuta,  Lamx. ;  JXetyopUru,  Lamx. ;   Taonia,  3.  Agh. ;  Faditut,  Adani. 

FUCACE^.     8Ei-WaACX8. 
Chu  Algfe,  Endl.    AH.  Algnlea,  Lindl 
Diagnotit. — (Fig.  Sll.)     Olive-coloured  Seaweeds  of  gelatinous, 
«rtila^nou3,  or  homy  texture,  with 
»  foliateoua  or    ahrub-Hke  or   cord-  ■"?■  ^"■ 

like  thallus,  attaching  itself  to  rocks 
by  a  simple  or  lobed  and  ramified 
diitoid  tase;  fructification  in  recfp- 
tnela  formed  out  of  lobes  of  the 
fronds  (a),  the  external  surface  of 
v'hich  is  pierced  with  orifices  leading 
to  timbers  (eotueplacUt,  b)  lined 
vith  filamenta  intermixed  with  tpore- 
"vt  (t)  or  filamentous  anthtridia  (e), 
or  both  of  these  ;  the  olive-coloured 
tpores  4  or  S  in  a  spore-sac,  from 
>hich  they  escape  when  mature,  aud 
are  fertilized  by  the  active  2-ciliated 
rorpuscular  apermalozoids  (d)  after 
Uiey  are  detached  from  the  parent. 
— lllustntive  Genera :  Sar<iaa»am, 
Rumph. ;  Guttoaeira,  A.^.;  Halidrys, 
I.nifrti. ;  ^imnntAaiia,  Lyngb.;  Pt/e- 
iv'fkyevt,  Kiitz. ;  Pucus,  L. 

Straetnr*  Bud  UA-hlMoiT. — Some   of 

1b«  tUsmentB  lining  the  conceptacles  be- 
fwue,  after  a  time,  nwoLlen  and  tilled  with 

bmwaish  matter;  this  brown  matter iade-  OrnalutiaD  of  Fucaor*:— A.  EaUdrft 
telopediQto2,4,or8flpore8,whichescape  "''''™°;''^""^  J?*-  "iP"^"' 
from  a  mnall  orifice  at  the  apex  of  the  con-  t^i'.'SoA'ae'iiH^  Mntb'of  J  oJitw^ 
tT^placle,throughwhichal»o  subsequently  ttoJe.'the  »tiij  of  which  iiiined  by 
PMilhe  tufta  of  aterile  h^rs  which  do  r^^iti^l.^^^/.r™""' 
■MtDodergo  metamorphoeis  inia  spores. 

Sometimes  the  antheiidta  are  present  in  the  same  conceptacled  as  the 
')wiv^«s ;  or  thev  are  home  on  a  separate  plant  (dioBcious).  The  antbe- 
ndia  coosist  of  ovoid  cells,  some  on  branched  threads  and  contuning  a 
vbitiib  mails,  interspersed  throughout  iihich  are  a  number  of  red 
gnuiuhe.  The  onthendia  are  eiecUd  through  the  orifice  of  the  concep- 
2a 
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tacle,  and  themfielves  fnye  exit  to  numerous  antherozoids,  each  providrd 
with  a  couple  of  extremely  fine  cilia  and  containing  a  red  g^ranule. 
According  to  our  present  knowledge  the  Fucacefe  are  strikingly  separated 
from  the  other  Olive  Seaweeds — ^from  the  Dictyotaceee  by  the  absence  of 
tetraspores  and  by  the  character  of  their  antheridia,  and  from  the  Fhieo- 
Bporece  by  the  absence  of  the  reproductive  zoospores  and  by  other  points 
of  oTgamzation.  They  appear  to  be  allied  to  the  Confervoid  formf*, 
through  PhsBOsporeaBi  more  closely  than  to  Rhodospermeae ;  but  their 
reproductive  organs  are  formed  on  a  higher  type. 

Dlstrflmtlon. — ^Universal ;  especially  found  on  rocks  between  tide-marks, 
or,  if  growing  in  deeper  water,  buoyed  up  to  the  surface  by  vesicular 
floats ;  very  Urge  in  the  Southern  Ocean. 

Qualities  and  "Una. — The  gelatinous  substance  of  which  the  thallus  is 
composed  renders  some  of  these  plants  available  as  food  for  man  or  ani- 
mals where  better  productions  are  scarce ;  but  their  chief  value  is  a^  a 
source  of  iodine,  extracted  from  the  "  ^©Ip  "  or  ashes,  which  were  for- 
merly an  important  source  of  soda  also.  The  JWc»  are  also  largely  vts^d 
for  manure  in  maritime  localities.  Sargasman  haedfenun  forms  the 
celebrated  masses  of  ''  Gulf-weed  "  in  the  Atlantic  Ocean.  F\tc%u  iw- 
ctdosuSf  the  common  Bladder-wrack,  grows  everywhere  on  our  coast 
between  tide-marks. 

PH^OSPOEEiE.    Olive  Seaweeds. 
Class  Algsa,  Endl.    AIL  Algales,  LmdL 

Diagnosis. — Olive-coloured  or  brown  Seaweeds  with  a  foliaeeous, 
shrubby,  or  branched  filamentous  thallus ;  reproduced  by  zoospores, 
having  two  cilia,  one  directed  forwards,  the  other  backwards,  formed 
in  clavate  cells  or  multicellular  filaments,  collected  in  more  or  less 
definite  groups  on  the  cortical  layer  of  the  thallus  of  the  larger 
kinds,  in  lateral  tufts  or  terminal  on  the  branched  filamentous 
kinds. — Illustrative  G-enera :  Chorda,  Stackh.;  Ziosmtnarta,  Lamx. ; 
DictyosipTion,  Grev. ;  Punctariay  Grev. ;  Desmarestia^  Lamx. ;  Jf V- 
riotrichia^  Harv. ;  Ectocarpus,  Lyngb. ;  Myrionema,  Grey. ;  Leathma, 
Gray. 

Btmctiire  and  Life-history- — This  group  corresponds  to  the  tribe  Lami- 
nariesa  of  the  group  Aplosporefe  of  Decaisne.  The  genera  included  in  this 
Order  with  highly  developed  thallus  approximate  to  the  Fucacese,  with 
which  they  are  sometimes  associated ;  but  it  has  been  discovered  by  Tburet 
that  the  so-called  "  spores  "  are  sacs  producing  zoospores,  which  germinate 
and  produce  new  plants  like  those  of  Confervoids ;  they  are  distinguished, 
however,  from  the  zoospores  of  that  group  by  the  arrangement  of  the 
cilia,  which  are  here  two  in  number,  unequal  in  size,  and  take  reverse 
directions  as  thev  leave  the  body  of  the  zoospore,  resembling,  in  fact,  the 
form  exhibited  m  the  spermatozoids  ofi^<;iM.  The  size  and  number  of 
the  zoospores  are  not  constantly  the  same  in  the  same  plant ;  and  in  dif- 
ferent cases  the  organs  producing  the  zoospores  are  large  clavate  sacs  or 
chambered  filaments,  the  number  of  zoospores  in  a  oeU  being  either  de- 
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tiiule  01  indefinitelj  grettt,  on  account  of  mon  advanced  segmentaticm  of 
ik  contents.  The  mode  of  reproduction  and  the  fomu  of  the  thallua  in 
Eich  geoeia  as  Ectacarptu  &c.  bring  this  Order  very  near  to  the  Cou- 
f«rv<Nae&.  Much  obacmitf  utill  prevails  here,  since  antheridia  coexist 
*iih  itprodoction  bj  zooepores  in  Oalleria,  and  appear  to  exist  in  ^iha- 
triaui  ind  Qadogtephtu,  which  also  reproduce  by  looapores. 

DMiIbaUoD,  QualltlM,  *c. — Huch  the  Mine  as  in  Fucaoeee.  Laminaria 
ifiiala  uxl  taceharina  are  eaten  (under  the  name  of  Tangle)  on  the  coastit 
of  ik  Doith  of  Europe,  as  also  is  ..iiaria  EMii/rmta. 

CONTEBVOIDE^.    8ilk-whki». 

Ciau  Algm,  Endl.     AH.  Algalea,  Lindl. 
Diofptoiu. — (Fig.512.)    Plantswith  a  filamentous, membraaous, 


gFlatbuDB,  or  pulTenilent  thallus,  growi 
oroamoiBt  aubetancea,  of  a  bright  gruea  < 


fresh  or  salt  water, 
rarelj  (often 


n  of  CmlfTTCpid  Alfie ; — 4.  FilamMtoof  J^cyyTajwtii*nn:  a,uiDBti]TBl  eonditiom 

Ike  mai  Hmtcnti ;  d,  >  tm  ipore ;  i.  Chii  mtme  gerniin^nE.  B.  AiMnwanH  ciriilu 
(Eii(B.«)(ldiuB«Un):  a.>groap  ot  crUi  oobfriig  bj  jellj-like  mUtei:  b.  four  kIIi 
biMtdbr  drrnion  oft  cell  of  n,  tndtwa  lOiwpDm  aMpsd  from  onsof  die  oelll.  nib- 
^■ntlj  ■ettliaE  down  h  mtiiU'Dslifl,  c.  C.  eSadopJura  gioBuraJa:  a,  fllunrnU,  of 
uBnl  nu;  i,  Sk  lop  of  ■  brwclivd  filsment.  Dugnifled;  c.  vUi  kbool  to  rami  «w- 
^mi :  ^  tti*  auu,  with  the  looqwrM  smvibc  bw  (ha  Dipparmoit  «U  i  *,  tootpDm 
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temporarily),  red  oolour,  feproduoed  by  zoospores  discharged  from 
the  ordinary  ceUs  of  the  thallus  (A,  d),  or  by  spores  formed  in 
these  cells  after  impregnation  by  combination  of  the  contents  of 
two  cells,  either  by  conjugation  (C,  c),  or  by  the  transference  of 
spermatozoids  into  the  parent  cell  of  the  spore,  the  spores  (C,  d) 
passing  through  a  stage  of  rest  before  germination. — IDustratiTe 
Genera :  Codium,  Stackh. ;  BryopsiSj  Lamx. ;  Vaucheria^  DC. ; 
Botrydium,  Wallr. ;  Drapamaldia,  Bory ;  (Edogoniutn^  lank ; 
Spirogyra,  Link ;  Sphceroplea^  Agh. ;  CoUochaie,  Breb. ;  Hydro- 
dictyon,  Eoth. ;  Ulva,  Agh.;  Tetra^para,  Dec.;  NostoCj  Vauch.; 
Botrydina,  Breb. ;  CUUhrocystis^  Henf . ;  Palrnella,  Agh. ;  (Achlya, 
Nees) ;  {Chytndium^  Al.  Br.). 

Straotiire«nd  Life-blstory. — Hie  specialities  of  the  very  multiform  group 
represented  by  the  above  list  of  genera  can  scarcelv  be  dealt  witibi  in  a  worlr 
like  the  present ;  and,  in  fact,  our  knowled^re  of  the  essential  characters 
of  the  plants  is  at  the  present  time  undergoing  a  thorough  revision.  In 
the  definition  of  the  orroup  of  Confervoids  here,  the  Oscillatoriacese  and 
the  other  permanenUy  active  forms  are  excluded.  The  OscillatoiiacesB 
are  organized  in  a  very  different  way  from  the  true  Confervoids.  The 
Confervoids  proper  are  mostly  veiy  simple  cellular  oiganisms,  vrith  chlo- 
rophyll and  starch  in  the  cells  while  tney  are  actively  vegetating ;  the 
majority  discharge  the  cell-contents  in  the  shape  of  one  or  many  active 
zoospores,  with  2  or  more  cilia  at  a  beak-like  extiemity  (  Vaucheria,  fig.  50C, 
p.  442),  or  with  cilia  all  over  the  surface ;  besides  which  pro<^S8,  sexual 
reproduction  has  been  observed  in  Zygnema  by  conjugatumj  in  (Edogo- 
munij  Sphteropleay  Vaucheriaf  Bulbobhate,  &c.  by  spermatozoids  derived 
from  one  cell  entering  the  cavity  of  the  parent  cefl  of  the  spore ;  and  in  all 
probability  this  will  be  foundgenersl.  The  mode  of  fertilization  will  be 
found  described  at  p.  441.  The  spores  formed  after  fertilization  become 
encysted  in  a  firm  coat,  throvm  off  in  germination,  which  commonly  ensues 
only  after  a  long  interval.  The  PalmeUets  are  forms  not  yet  well  explained, 
composed  of  soUtary  cells  imbedded  in  a  common  mucus ;  they  appear  to 
stand  at  the  lowest  point  of  organization  in  the  Testable  Kingaom,  if 
they  be  not  stages  of  growth  of  nigher  forms  (fig.  604,  p.  437). 

The  genera  above  grouped  by  Professor  Henfrey  under  the  head  of 
Confervoideae  are  more  naturally  grouped  by  Decaisne  under  several 
distinct  sections  of  varying  degrees  of  importance  as  follows : — 

1.  Conferv€Bf  comprisinff  plants  consistir^  of  tubes  or  ceUs  containing 
ovoid  spores  provided  with  2-4  vibratile  cilia. 

2.  ifnicdlalares.  Plants  consisting  of  a  single  cell  producing  numerouB 
ciliated  spores,  which  in  Botrydium  unite  by  conjugation  (fig.  o03,  E). 

3.  CEdogoniecB,  Filamentous  Algee,  producing  spores  either  bv  the  ag- 
gregation of  the  green  colouring^matter  of  the  cell  into  a  spherofdal  niass, 
which  escapes  from  the  parent  cell  by  a  special  aperture  m  its  wall,  and 
is  then  seen  to  be  provided  with  a  crown  of  vibratile  dlia,  or  as  the  reFult 
of  sexual  agency.  The  antheridia  consist  of  filaments,  each  cell  of  which 
contains  1  or  2  spermatozoids,  which  escape  by  the  lifting  of  a  lid-like 
valve  of  the  cell- wall  and  fertilize  the  spore  as  above  stated  (see  p.  441 


4.  VMtheriea.  TTnicellular  AIks,  piuducing  two  kinds  of  nproductivB 
fugiu — Cha  one  resultdug  from  the  coDCentrntion  of  the  green  matter  at 
iJm  eitremity  of  the  filaments  into  an  oval  Bctive  spore  covered  with  cilia, 
tb«  other  formed  aa  a  result  of  sexual  agencj.    The  antheridia  appear  in 
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capQg  fertiliie  the  eporangium  aod  determine  tEe  formation  of  a  spore, 
vhicb  does  not  terminate  immediately,  but  odIt  after  the  lapse  of  some 
liiDe  (p-  *12,  fig.  606). 

5.  SmtpifruB  or  Omjugatet.  Ulamentous  or  umoeUnlar  Algte,  repro- 
duced by  the  process  ol  conjugation.  This  group  comprises  the  Desmidieffi, 
ofvhicb  fuTUer  notice  will  be  found  hereafter. 

6.  Dialomactit.    These  ore  also  alluded  to  in  the  following  pegw. 
DMribntloD,  QoBlltlM,  *o. — Met  with  UDJTersally  in  fresh  and  brackish 

VBter,  some  genera  als')  on  sea-coasts,  growing  oa  rocks,  large  Alga,  &c 
^Qit!  of  them  occaaiooally  appear  suddenly  in  vast  quantity',  colouring 
l*ke«  green  ;  or,  aa  in  the  case  of  PalmeUa  nivalu  (tig.  fil4),  giving  rise  to 
llie  phenomenon  called  "  Red  ^now,"  PalmeUa  cmenta  (fig.  5C4)  often 
hrmt  large  pntches  of  substance  like  half-coagulated  blood  on  damp  stones 
lad  rocks.  The  green  slimy  matter  of  stagnant  pools  is  mostly  composed 
of  mterwDTen  masses  of  tilamentoua  Confervoids,  which  present  most 
Iwwiliful  and  varied  forms  under  the  microscope.  Ulva  (manne)  produces 
We  Diembranous  fronds,  which  are  sometimas  eaten  under  the  name 
"'  Oteen  liver. 

C^iij,ATOBiACES  (fig.  603,  A\  Microscopic  filamentous  structures, 
mnslly  collected  into  patches  ol  definite  or  indefinite  form,  extending 
^J  peripheral  growth,  composed  of  continuous  tubular  sheaths  enclosing 
>  Creen  or  brown  gelatinous  matter  marked  by  transverse  strite,  where  the 
subiiBnn  is  divided  into  longer  or  shorter  pieces,aften  escaping  from  the 


454  STSTEMATIC  BOTAKT. 

tube,  ultimfttelj  resolyed  into  discoid  fragmeiits,  which,  when  free,  h^ 
come  globular.  The  gelatinous  **  core/'  the  vital  part  of  the  stracture^  is 
capable  of  a  peculiar  movement,  which  causes  tne  free  portions  or  ex- 
tremities of  tne  filaments  to  vibrate  like  a  pendulum,  or  with  a  aUghtlv 
vermiform  osciUation,  whence  the  name  of  tne  Order.  Reproduction  bj 
spores  unknown. 

Our  knowledge  of  the  essential  characters  of  this  Order  is  imperfect ; 
and  the  only  mode  of  reproduction  known  is  by  simple  division  of  the 
central  substance  of  the  filaments,  the  portions  sutting  out  of  tiie  ends  of 
the  sheaths  and  secreting  a  new  coat  of  their  own.  Their  peculiar 
oscillating  motion  is  one  of  the  marvels  of  Vegetable  Physiology  ;  they 
appear  to  be  totally  destitute  of  cilia.  Their  movements,  and  the  natui« 
or  their  central  substance  (apparency  devoid  of  starch,  and  coloured  bj 
different  matters  besides  chlorophyll),  seem  to  indicate  a  relation  between 
Oscillatoriaceae  and  DiatomaceaB,  which  would  connect  the  latter  with 
Gonfervoids.  They  occur  in  water,  fresh  and  salt,  and  on  damp  earth 
everjrwhere. — Genera :  Oscillatoria,  Bosc ;  Mierocoleus,  Desmaz. ;  Cah- 
thrix,  Agh. ;  Rivulariay  Roth. 

DIATOMACEiE. 

CZoM  AlgtB,  Endl,    AU,  Algales,  LindL 

Diagnosis, — (Fig.  503,  B,  C,  page  436.)  Microscopic  onioellular 
plants,  occurring  isolated  or  in  groups  of  definite  form,  usually 
surrounded  by  a  gelatinous  investment,  the  cells  exhibiting  more 
or  less  regular  geometrical  outlines,  and  enclosed  by  a  membrane 
striated  or  granular,  either  simply  tough  and  continuous,  or  im- 
pregnated with  silex  and  separable  into  valves.  Reproduction  by 
spores  formed  after  conjugation  of  the  cells  (d)^  by  zoospores  formed 
from  the  cell- contents,  and  by  division. 

Illustbative  Sttbordebs. 

Subord.  1.  Bbsmidisjs  (fig.  603,  B).  CeU-membrane  untkotd  silica,  con- 
taining chlornpkyU  and  starch,  Closterium,  Nitzsch\  Cosmarium, 
Meneffh. ;  Kuastrum,  JEhr, ;  Pediastrum,  Meyen ;  Desmidium,  Agh, 

Subord.  2.  Diatombjb  (fi^.  603,  C).  CeU-mernhnme  impregnated  wUk 
sileXf  wdrndoTf  coniaimng  a  brown  colouHng-nuxtter.  Eunotia,  Ehr. ; 
Diatoma,  DC. ;  Navicula,  Bory,  Isthmia,  Agh,  \  Melosira,  Agh, 

AfflnltlM,  Ac. — These  oiganisms  were  formerly  included  among  Infu- 
sorial Animalcules :  but  the  vegetable  character  is  very  strongly  marked 
in  Desmidiea;  ana  the  reproduction  by  conjugation,  characteristic  of 
certain  tribes  of  Confervoios,  occurs  not  onl^  in  DesmidieeBj  but  in  Dia- 
tonukSf  which  in  respect  to  general  organization  cannot  well  be  separated 
from  the  Desmidiea,  although  the  nature  of  the  cell-contents  has  more  of 
the  character  of  what  we  are  accustomed  to  regard  as  animal  substance 
The  Diatomea  are  also  remarkable  for  the  way  in  which  they  divide  by 
segmentation  into  a  number  of  distinct  frustules,  each  of  which  grows 
into  a  perfect  plant. 
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i — Desmidie€B  occur  in  all  quiet  pools  of  pure  water,  at 
ike  bottom  or  adhering  to  other  plants.  Diatomea  ore  universally  dif- 
iiisedy  not  only  in  ^sh  water,  but  in  the  sea  and  on  moist  ground,  in  all 
oi  which  situations  their  siliceous  cell-walls  cause  their  remains  to  accu- 
mulate, if  left  undisturbed;  until  they  form  actual  mineral  strata. 

VoLTOcofEiB  are  microscopic  bodies  swimming  in  fresh  water  b^  the 
lid  of  cilia  arranged  in  pairs  upon  the  surface  of  a  common  semigelatinous 
cuTelope,  the  pairs  of  cilia  each  belonging  to  a  green  corpuscle  resembling 
ike  loospore  of  a  Confervoid,  imbedded  in  the  periphery  of  the  common 
euTelope.  Reproduction  by  the  development  of  each  corpuscle  into  a 
new  colony,  the  whole  being  set  free  oy  the  solution  of  the  parent 
envelope,  or  by  conversion  of  the  corpuscles  into  encysted  resting-epores 
like  those  of  Confervoids.  These  curious  and  beautind  objects,  found  in 
ainukr  situations  with  the  Confervoids,  appear  more  closely  related  to  that 
fiuup  of  organic  beings  than  to  any  form  distinctlv  recognizable  as  mem- 
bers of  the  Animal  Sjngdom,  the  persistence  of  the  power  of  motion 
tbrooghout  the  period  of  vegetative  life  being  the  only  animal  (?)  character. 
—Genera :  VowoXf  Lam. ;  Pandorina,  Ehrenb.  (hg.  dOii,  D)  ;  Stephana- 
'pkaroy  Cohn ;  Gonium,  Lam. 


Division  U.  Fungi. 

Cryptogamous  plants  consisting  of  long  thread-like,  tubular,  gene- 
ndly  branching  hyphffi,  or  of  branching  series  of  cells  interwoven 
iuto  a  mass  which  is  in  some  cases  microscopic  in  dimensions  and 
in  others  of  great  extent,  nourished  on  organic  substances  as  para- 
sites or  as  saprophytes,  and  entirely  destitute  of  chlorophyll  or 
similar  pigments.  Keproduction  effected  by  both  sexual  and 
aaexuai  means. 

PHYCOMYCETES. 

Diagnosis. — ^Fungi  consisting  of  a  mycelium  of  long,  densely 
ninifying  tubes,  and  bearing  both  sexual  and  asexual  organs  of 
reproduction.  The  asexual  organs  of  reproduction  {zoosporangia, 
coaidia,  and  sporangia)  are  functionally  of  equal  value  ^ith  those 
produced  by  sexual  agency  {oospores  and  zi/gospores) — that  is,  the 
oospores  or  zygospores  (as  the  case  may  be)  produce  either  zoospo- 
nngia  or  conidia  or  sporangia,  and  on  the  same  plant,  but  a  little 
later,  either  oospores  or  zygospores  again ;  the  lirst  or  asexual 
class  of  these  also  reproduce  both  themselves  and  the  second  or 
t^xual  class  a  little  later. 

This  Order  may  be  divided  into  three  Suborders,  in  which  the 
lubits  of  life  and  growth  vary. 

Suborder  1.  Sapbolegnieje. — ^Fungi  growing  for  the  most  part 
in  water,  and  chiefly  on  the  dead  bodies  of  insects,  and  consisting 
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of  a  mycelium  of  long,  densely  interwoven  hyplise,  which  bears  both 
sexual  organs — ardheridia  (male  organs)  and  oogonia  (female  organs  ) 
— ^and  asexual  zoosporangia.  The  contents  of  the  oogonia,  when 
fertilized  by  the  antheridia,  are  called  oospores,  and  on  germinating 
produce  a  mycelium  which  bears  first  zoosporangia  and  later  the  sexual 
organs.  The  zoosporangia  on  bursting  produce  zoospores  which, 
after  a  short  motile  state,  come  to  rest,  germinate,  and  form  a 
mycelium  which  produces  again  zoosporangia,  and  later  the  sexual 
organs.  The  zoospore,  therefore,  which  has  an  asexual  origin  ia, 
functionally,  of  equal  value  with  the  sexually  produced  oospore. 

Oospores 
I ' -n 


Zoosporangia  Oospores 

Zoosporangia,       Oospores.  Zoosporangia,       Oospores. 


Illustbativs  Genera  :  Pythiuniy  Nees ;  Se^olegnia,  Nees ;  Apkano- 
mj/ces,  De  Bary ;  Achlya,  Nees. 

St^fnctiire  and  Lifle-hlirtorj. — In  the  forms  which  Pringsheim  calls  mon- 
oecious the  antheridia  and  oogonia  are  produced  beside  each  other  on  the 
eame  plant ;  but  in  the  others,  first  antheridia  and  then  oogonia.  The 
oogonia  are  usually  situated  at  the  end  of  short  branches  of  ^e  mycelial 
hyphaBy  and  are  very  rarely  interstitial.  In  the  monoecious  forms  they 
are  globular  cells,  rich  in  protoplasm,  which  is  at  first  equally  distributed. 
In  Saprolegnia  numoica  the  cell-membrane  is  resorbed  at  numerous  places, 
and  has  a  perforated  appearance.  At  the  same  time  the  protoplasm  gnr 
dually  separates  into  several  portions,  which  become  rounaed  off  and  float 
together  in  a  watery  fluid  within  the  oogonium,  each  bounded  bj  a 
smooth  superficies  which  does  not  consist  of  cellulose.  In  Pj^wrnj 
Aphanomyces,  and  several  species  of  Saproleynia  the  whole  of  the  proto- 
plasm within  the  oogonium  contracts  into  one  of  these  globes,  which, 
floating  in  the  watery  fluid,  takes  up  its  position  in  the  middle  of  the 
oogonium.  During  the  formation  of  the  oogonium,  the  antheridia  or 
antheridium,  as  the  case  may  be,  grow  out  from,  the  same  branch  of  the 
mycelium  or  from  neighbouring  nvphn  in  the  form  of  thin,  rrlindrical 
crooked  twigs,  often  wound  round  the  stalk  of  the  oogonium.  The  upper 
ends  adhere  to  the  wall  of  the  oogonium,  swell  slightly,  and  become 
bounded  at  the  base  by  a  septum.  At  the  time  of  the  formation  of  the 
globular  bodies  within  the  oogoniiun,  each  antheridium  pushes  through 
the  wall  one  or  more  tubes,  which  open  at  the  points  and  discharge  their 
contents.  These  contents  are  minute  motile  corpuscles,  scarcely  As 
millim.  in  size,  and  are  the  fertilizing  spermatozoids.  The  globular  bodies 
after  being  fertilized  are  provided  with  a  cellulose  membrane,  and  receive 
the  name  of  oospores. 

In  the  dioecious  forms  (e.  g.  Saprdegnia  dimca  and  Achlya  </toic0)  the 
oogonia  and  their  globular  contents  are  formed  as  in  the  monoecious 
species.  The  antheridia,  on  the  other  hand,  are  formed  in  thick  bladder-hke 
protuberances  which  arise  at  fixed  times  on  the  mycelium,  and  are  divided 
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bj  tnii0?ez8e  walls  into  a  series  of  cylindrical  cells,  each  of  which  repre- 
fe«uts  an.  antheridinm.  In  ik^rolegnta  dwica  the  whole  of  the  protoplasm 
ui  the  aDtheridium  separates  into  numerous  minute  spermatozoids,  which 
aie  didchazged  in  a  motile  state  from  an  opening  in  a  narrow  protuberance 
of  the  wail  ot'  the  autheridium.  In  Achlya  dioica  the  contents  of  the 
cjiindrical  antheridium  are  divided  into  a  number  of  portions  (of  about  the 
sue  of  the  zoospores  of  the  species).  These  in  their  turn  break  up  into 
small  spermatozoids;  which  emerge  first  from  their  special  mother  cells 
aod  tbeo  from  the  antheridium,  in  the  same  way  as  in  JSaprole^nia  dioica. 
TJie  speimatozoids  of  both  species  move  by  means  of  a  long  cihum.  It  is 
to  be  assumed^  from  the  analogy  of  closely  related  Alga,  that  the  spermato- 
xtids  enter  through  the  holes  in  the  walls  of  the  oogonia  and  fertilize  the 
giubular  bodies  by  union  with  them ;  but  there  is  not  enough  direct  evi- 
ueoce  to  warrant  more  than  an  assumption. 

The  ripe  oospores  of  SaprokgrUa  (^so  far  as  they  are  yet  knovim)  possess 
a  membrane  consisting  of  two  coats,  and  produce  germ-tubes  after  a  period 
cf  rest.  They  have  aiso  been  knowui  but  exceptionallyi  to  produce  zoo- 
spuies  after  a  short  period  of  rest. 

Suborder  2.  Pbbonosfobe^. — ^Fungi  parasitic  on  living  PhaDe- 
rogams,  and  consisting  of  a  mycelium  of  densely  ramifying  hyphee, 
which  bears  both  sexual  organs — antheridia  (male  organs)  aud 
Qtjgoma  (female  organs) — and  asexual  canidia.  They  resemble 
stwngly  the  preceding  family,  Saprolegnieoe.  The  mycelium  which 
raumhes  within  the  host-piant  first  bears  the  conidia  either  singly 
on  branching  tree-like  {Perotiospora),  or  in  a  vertical  series  on  club- 
shaped  (Ci/8topus)  conidiophores^  which  appear  upon  the  surface  of 
the  affected  part  of  the  host-plant.  According  to  the  species  the 
conidia  are  either  simple  spores,  which  reproduce  the  mycelium  by 
emitting  germ-tubes  directly,  or  zoosporangia  (as  in  certain  species 
of  PeroiW9poray  Phytophthora  infesta/is,  and  Cystopas),  the  germi- 
nating zoospores  ot  which  give  rise  to  a  new  mycelium.  This  new 
mycelium  in  both  cases  produces  conidia  again,  and  later  the  sexual 
organs.  The  germinating  oospores  also  produce  a  mycelium,  which 
Uars  both  conidia  and,  afterwards,  the  sexual  organs.  The  asexu- 
alijr-pFoduced  conidia  here  (like  the  zoosporangia  in  the  SaproUy- 
nita)  are  functionally  of  equal  value  wj,jbh  the  sexually-produced 
oospores. 

Oospores 


Conidia  Oospores 

I ' 1  I ' — — n 

Oonidiay  Oospores.  Conidia,  Oospores. 

Illustbativb  Qbnera  :  Peronospora,  Cord. ;  Phytophthora,  De  Bary  \ 
CyUoptu,  Lev. 

atroctore  and  Life-history. — The  reproduction  of  the  Peronospora  so 
strongly  resembles  that  of  the  monoecious  farms  of  the  Saprokyniea  that 
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a  comparative  description  only  will  be  necessary.  The  oogonia  arise  at 
the  end  of  short  branches  of  the  mycelium  in  the  intercellular  spaces  of 
living  Phanerogams,  and  resemble  those  of  the  monoecious  Sapniiegniea 
both  in  form  and  in  being  rarely  interstitially  situated  on  the  mycelium. 
The  antheridium  grows  either  on  the  same  branch  or  a  neighbouring  one, 
and  is  also  similar  in  form  to  those  of  the  monoecious  forms  of  the  pre- 
ceding Order.  The  process  of  fertilization  is  carried  out  as  in  it  too,  only 
that  the  protoplasm  within  the  oogonium  constantly  contracts  into  <m€ 
globular  mass.  Professor  de  Bary  records  that  he  never  found  developed 
oogonia  without  an  antheridium,  and  extremely  seldom  such  as  had  two. 
The  oospores  germinate  after  a  long  period  of  rest,  usually  lasting  through- 
out the  winter.  Two  forms  of  germination  have  been  observed.  In 
Cystoptu  candidus  the  oospores  burst  and  produce  the  same  number  of 
zoospores  as  the  asexual  conidia  (zoosporanffia).  In  Pienmospora  Vale- 
rianellcB  the  oospores  produce  each  a  germ-tube  which,  by  repeated  rami- 
fication, forms  a  new  mycelium.  The  conidia  also,  as  already  stated, 
either  produce  germ-tubes  or  zoospores  according  to  the  species.  The 
mycelium  of  Cystopus  is  provided  with  numerous  organs  called  hauttoriay 
which,  in  the  shape  of  small  bladders,  penetrate  llie  cell-walls  of  the  hostr 
plant  and  extract  the  nourishment  for  the  use  of  the  fungus. 

The  well-known  potato-disease  is  caused  by  a  fungus  belonginff  to  this 
family.  It  was,  until  lately,  known  as  Perononpora  inftntaaM ;  but,  in  a 
recent  work  on  the  subject,  Prof,  de  Bary  considered  it  to  have  separate 
generic  characters,  and  it  now  bears  the  name  of  Phytophthora  infesUmt. 

Suborder  3.  Mucoeini  (fig.  1 D,  p.  8). — Fungi  growing  on  organic 
solutions,  and  consisting  of  a  densely  branching  mycelium^  with  no 
transverse  septa  up  to  the  time  of  fructification,  and  bearing  both 
sexual  organs  and  asexual  sporangia.  The  result  of  the  union  of  the 
conjugating  sexual  bodies  is  called  a  zygospore.  The  asexual  spo- 
rangia are  here  (like  the  similar  organs  in  the  two  preceding  orders) 
functionally  of  equal  value  with  the  sexually  produced  zygospores. 

Zygospore 


Sporangia  Zygospores 

I ^- 1  I * 1 

Sporangia,  Zygospores.    Sporangia,  Zygospores. 

Illustrative  Qekeba  :  Mucovy  Mich. ;  Sygygites,  Ehrb. ;  Rhkopm^ 
Ehrb.  \  PUobohtSy  Tod. 

Stmctnre  and  LlfiB-hljrtory. — The  sporangia  are  similar  in  function  sod 
in  some  degree  in  structure  to  the  zoosporangia  and  conidia  of  the  Sapro- 
legmecB  ana  PeronosporetJB.  They  appear  at  the  end  of  sporangia-bearers, 
which,  up  to  the  time  of  fructification,  are,  like  the  mycelium,  without 
septa.  The  spores  contained  by  the  sporangia  germinate  by  means  of 
germ-tubes  and  form  a  mycelium  by  repeated  ramification.  Ihid  was  for 
long  the  only  form  of  reproduction  Known  in  the  Afttcortm,  and  it  ia  only 
in  recent  times  that  the  researches  of  I'rofessor  de  Bary  and  others  ba\'e 
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brought  to  light  another  and  a  sexual  means  of  reproduction,  which  is 
dtscribed  in  tne  cases  of  Jihizupus  nigricans^  Ehrb.,  and  Syzygitea  inegah" 
esrfu$,  Khrb.  These  cases  are,  with  the  exception  of  unimportant  details, 
sumlar,  and  it  will  be  sutficient  to  describe  the  process  as  it  occurs  in  the 
foriuer.  The  conjugating  cells  of  Rhizopus  nigticans  are  elongated, stout, 
iiRgularlj  brancning  and  interwoven  tubes.  Where  two  meet  each 
pusoes  against  the  other  a  protuberance,  at  hrst  cylindrical  and  of  equal 
tmckness  with  itself.  They  remain  closely  attached  and  soon  grow  to  a 
cuiisiderable  size,  in  thickness  chiuily.  At  the  end  of  each  a  separate  cell 
i&  iurmed  by  the  growth  of  a  partition.  These  two  cells  are  usually  of 
ooequal  size — one  as  long  as  it  is  broad,  and  the  other  only  half  as  long 
is  its  breadth.  The  original  membrane  which  separated  them  now  be- 
comes perforated  in  the  middle,  and  soon  vanishes  altogether ;  the  two 
ooDjugatiug  ceils  then  unite  and  iorm  a  zygospore,  which  increases  rapidly 
m  tiize,  and  usually  attains  a  diameter  oi  over  one  fifth  millim.  It  is,  as  a 
role,  drum-shaped ;  the  ends  smooth,  and  the  free  surface  clothed  with 
vvt-like  protuberances.  The  conteats  are  of  coarsely  granular  proto- 
plasm, often  accompanied  by  large  drops  of  oil.  The  germination  of  the 
zvguiipore,  as  observed  in  Syzygites,  is  by  means  of  a  germ-tube,  which  by 
nrptiated  dichotomous  branching,  at  the  expense  of  the  stored-up  matter 
iu  the  zygospore,  soon  forms  a  new  mycelium  bearing  asexual  sporangia, 
i^fiessor  Strasburger  has  very  recently  proposed  the  name  of  gametes 
fuf  the  cunjugating  cells,  and  zygote  for  the  zygospore.  Professor  de 
buy  has  further  suggested  that  when  the  gametes  are  stationary,  as  in 
tiiu  Order,  they  should  be  called  aplanogametes,  to  distinguish  them  from 
ntotik  conjugating  bodies  found  in  Algte,  which  he  would  call  plano^ 
sametes.  The  substitution  of  zygote  for  zygospore  is  on  the  ground  that 
the  organ  in  question  is  not  the  equivalent  of  a  spore,  but  of  a  fertilized 
^rvm.  This  nomenclature,  if  accepted  (and  it  18  time  that  some  such 
niUQDal  system  were  introduced),  will  necessitate  the  substitution  of  other 
woids  for  the  terms  oospore,  &c.,  in  other  Orders. 

The  Muctjrini  are  usually  to  be  found  growing  on  horse-dung  and  de- 
caying substances. 


HYPODEEMIL 

Diagnosis. — Fungi  parasitic  on  living  plants,  and  consisting  of 
a  mycelium  of  interwoven  hyphse  bearing  asexual  organs  of  repro- 
duction (spores)  either  in  definite  or  irregular  receptacles. 

This  Onler  is  divided  into  two  Suborders  as  follows : — 

Suborder  1.  Ubedinejb. — Fungi  parasitic  on  living  plants,  and 
consisting  of  hyph»  woven  into  deiiiute  fructiferous  reoeptacula,  at 
first  utuated  beneath  the  surface  of  the  affected  part,  but  at  length 
burstbg  out.  The  reproductive  organs  are  of  an  asexual  character, 
00  sexual  organs  being  as  yet  known,  and  take  three  consecutive 
forms,  arranged  so  as  to  form  a  cycle  of  generations  on  two 
(liferent  host-plants. 
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Teleutosporefl. 

iEcidium-fipores  accompanied  by  spermogonia. 

UredoBpores,  and  later  on  the  same  mycelium 
teleutospores  again. 

IixustratiyeGeneba  :  Puccmia,  Lk. ;  jEcidium,  Lk. ;  UrotnyetB^  Lev. 

Stractore  and  Ufe-hlirtory. — The  life-cycle  of  these  parasites  begina  with 
the  germination  of  the  teleutospores — ^thick-waUed  spores  situated  at  the 
end  of  filiform  6a«tV/ta.  either  singly  or  in  pairs,  accoiding  to  the  genus  to 
which  they  belong.    The  germination  takes  place  in  spring,  and  consists 
in  the  emission  of  a  germ-tube,  which  rapidly  torms  a  promycehum  bearing 
three  or  four  sporidia.  These  sporidia  also  soon  push  out  germ-tubes,  which, 
if  on  a  suitable  host-plant,  penetrate  the  epidermis-cells  and  form  a  myce- 
lium within  the  parenchyme.    After  a  few  days  this  mycelium  begins  to 
form  a  new  f ructiiication  under  the  epidermis  of  the  host-plant,  which  even- 
tually breaks  out  under  the  forms  of  the  i£cidia  and  their  constant  com- 
panions the  spermogonia.     The  latter  ftpP^  ^^-    ^^^^^  them,  or 
irreguldrly  amonff  them,  are  the  .^Ecidia.    The  spermogonia  are  in  shape 
small  narrow-necked  sacs  of  the  same  colour  as  tne  iEcidia.    They  were 
formerly  believed  to  be  different  species  of  Fungi  from  the  .^£cidia,  but 
Tulasne  has  shown  that  they  belong  to  the  same.    In  them  are  found 
minute  bodies,  called   spermatia,  which  Tulasne  believed  to  be  male 
organs  (spermatozoids),  smce  he  found  them  incapable  of  germination : 
but  no  female  organs  have  as  yet  been  foimd.    It  was  also  suggested  that 
they  stood  in  a  sexual  relation  to  the  -^cidia,  near  which  thev  are  con- 
stantly found ;  but  l^ofessor  de  Bary  has  cultivated  true  j^£cidia,  the 
spores  of  which  germinated,  on  a  plant  on  which  was  found  no  trace  of 
spermogonia  or  spermatia.    The  subject  is  at  present  wrapt  in  myst^. 
The  .^^idia  consist  of  at  first  round  or  oval,  and  after  bursting  basin- 
shaped  receptacula,  the  walls  of  which  are  composed  of  pseudo-^p&ren- 
ch^me  (short,  polyhedral,  closely  fitting  mycelium-cells).    At  the  base  of 
this  body  is  the  hymenium — a  circular  layer  of  short,  cylindrical,  club- 
shaped  upright  bajddia,  on  each  of  which  rests  a  series  of  spores  in  rt^^ular 
order,  one  aoove  the  other.    The  spores  are  of  a  round  polyhedral  torm, 
and  filled  with  protoplasm  colourea  red  or  yeUow  by  oil.    On  the  burst- 
ing of  the  enclosing  peridium  of  pseudo-parenchyme  the  spores  are  libe- 
rated in  a  state  capable  of  termination,  which  takes  place  m  the  form  of 
short  crooked  germ-tub€»  that  penetrate  through  the  stomata  of  the  next 
host-plant,  and  form  rapidly  a  new  mycelium  in  the  intercellular  spaces. 
Again,  after  a  few  days,  this  mycelium  forms  a  new  fructification — the 
XJredo.    The  Uredo  is  at  first  of  the  shape  of  a  fiat  circular  cushion  lying 
immediately  under  the  epidermis  of  the  affected  part    On  it  arise  fiJiform 
bflsidia,  each  of  which  bears  a  round  or  oval  spore — ^the  Uredospores,  which 
during  their  formation  break  through  the  epidermis.    The  Uredospores 
germinate  rapidly  and  reproduce  themaehes  constantly,  and  to  this  quality 
IS  the  rapid  and  extensive  spreading  of  this  disease  to  be  attributed.    The 
same  mycelium  which  begets  the  Uredo,  afterwards  forms  the  teleuto- 
spores from  which  we  started.    The  teleutospores  hibernate  and  germinate 
again  in  spring,  as  we  have  seen,  and  so  every  year  the  disease  passes 
through  the  same  cycle  of  generations. 
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Tbe  host-plants  affected  by  the  same  species  are  usiudly  of  two  very 
difieient  Idnds.  The  teleutospores  and  Uredospores  afiect  chieflj  the 
Gramme€S,  and  prove  very  destructive  to  that  useful  order  of  plants.  The 
.£cidinm6pores  are  not  so  much  confined  to  one  order  of  plants,  but  affect 
n^uaUy  the  Composite,  Hanunculacea,  Leguminosa,  and  Lahiat<B,  to  which 
they  are  by  no  means  so  destructive  as  the  teleutospores  and  uredospores 
tre  to  the  QraminMB. 

Until  recently  the  different  generations  of  these  Fungi  were  taken  to 
repre^nt  different  genera,  and  even  now  they  are,  we  need  not  say  erro- 
Mooslyt  Bo  described  by  many  mycologists  on  the  plea  of  convenience. 
Tlie  iGcidiumi^pores  represent  the  genus  "  jEctdiunif*  the  Uredospores 
**  UredOf'^  and  the  teleutospores  "  Priccfmo,"  and  **  Uromyces.'*  Each 
generation  of  each  species  has  its  peculiar  host-plant,  and  oi  a  not  incon- 
oder&ble  number  there  is  only  known  one  or  two  generations — the  -^t- 
4mm  only  in  some  cases,  and  the  Credo  and  Puccima  only  in  others. 

To  M.  Tulasne  and  Professor  de  Bary  belong  chiefly  the  honour  of 
biTing  worked  out  this  remarkable  life-history. 

Suborder  2.  TJstilagine-b. — Fungi  parasitic  on  living  plants, 
and  consisting  of  interwoven  hyphse,  which  bear  asexual  spores 
irregularly.  Spores  sooty-coloured,  either  solitary,  in  series,  or  in 
masses,  at  first  enclosed,  but  at  length  bursting  out  and  escaping 
e«ily,  from  the  slender  nature  of  the  threads  which  bear  them. 
The  whole  life-cycle,  so  far  as  yet  known,  consists  in  the  forma- 
tion by  the  germinating  spores  of  sporidia,  which,  on  suitable  host- 
plants,  germinate  and  form  a  mycelium  on  which  the  spores  are 
airain  directly  formed. — Illustrative  Genera :  Ugtilago,  Fr. ;  Til" 
Utia,  Tul. 

Stmetiire  and  LifiD-bltftory. — The  habit  of  life  of  this  order  is  similar  to 
that  of  the  preceding  one.  In  it  the  life-history,  so  far  as  it  goes,  is  also 
of  the  same  nature.  When  the  spores,  which  correspond  to  the  teleuto- 
tpffTfs  of  Uredineoif  germinate,  a  promycelium  is  formed  as  in  that  Order, 
hearing  sporidia,  in  some  cases  sessile  and  in  others  slightly  stalked.  It 
appears  also  that  successive  sporidia  may  be  formed  at  the  same  place. 
Tnese  sporidia  germinate  in  the  usual  manner  and  form  a  new  mycelium 
in  the  tissues  oi  a  suitable  host-plant,  which  mycelium  directly  produces 
a^rain  the  spores  from  which  we  started.  The  UstilaginetB  are  very  in- 
jurious, especially  to  the  Grammea.  Kuhn  and  Hoffmann  observed  that 
the  sporidia  attack  the  axis  of  the  germinating  plants,  in  which  they  de- 
velop a  mycelium,  which  is  carried  up  with  the  growing  plant,  and 
ultimately  produces  spores  in  the  fruits  and  causes  their  destruction.  The 
power  of  producing  successive  sporidia  tends  largely  to  cause  the  plentiful 
diitribution  of  the  Order. 

BASIDIOMYCETES. 

Diagnosis. — Fungi  growing  on  dead  organic  matter  and  stumps 
of  trees,  and  consisting  of  hyphsB  interwoven,  so  as  to  form  a  fleshy, 
gektinous  or  MOody  thallus  (vulgarly  considered  the  plant),  but 
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which  is  the  receptficle  of  the  hymenium.  Hjmemam  bearing 
usually  quaternately  asexual  spores  at  the  apex  of  erect  basidia. 
Spores  reproducing  the  plant  directly  without  the  intervention  of 
any  intermediate  generation.  Mycelium  comparatively  small  and 
iloccose.  The  Order  may  be  divided  into  the  following  Sub- 
orders : — 

Suborder  1.  Tkemeixini. — Fungi  growing  on  stumps  of  trees 
and  on  the  ground,  of  a  gelatinous  consistency,  with  sometimes  a 
denser  nucleus,  immarginate  or  cup-shaped.  Hymenium  bearing 
two  distinct  kinds  of  basidia  in  different  genera.  Spores  reniform, 
in  some  cases  divided,  and  in  others  not. — ^mustrative  Genera: 
TremeUa^  Dill. ;  Dcurymyces^  Nees. 

Stmctare  and  Ufe-hiBtory. — lo  the  genus  Tremdla  the  basidia  are 
at  first  subglobose  or  quite  spherical,  and  divided  from  top  to  bottom 
into  four  equal  parts.  These  segments  either  remain  united  or  become 
divergent  from  each  other,  while  they  grow  out  to  the  margin  of  the 
fiingus  in  the  form  of  long  hyphae,  and  produce  there  generally  undivided 
and  kidney-Bhaped  snores.  In  Dacrymyees  and  G^epima  the  basidia 
are  at  first  claviiormy  out  8ubse<quently  grow  out  in  the  form  of  two  thick 
diverging  arms,  on  each  of  which  is  produced  one  reniform  spore. 

There  are  usually  present  in  these  plants  in  great  abundance  very  mi- 
nute spherical  or  ovoid  spermatia,  produced  in  regular  spermatophorous 
apparatus.  Their  function  is  unknown.  The  ordinary  spores  reproduce 
tne  plant  directly.  The  consistence  of  these  plants  is  very  gelatinous  and 
collapses  on  drying.  If,  however,  they  be  placed  in  water,  they  verv  noon 
absort)  it,  and  become  again  distended  to  their  former  extent ;  and  this  pro- 
perty is  found  to  be  of  great  use  in  examining  old  specimens. 

Suborder  2.  HTitENOMTCETss. — Mycelium  flocoose,  giving  rise  to 
a  superficial  hymenium  on  which  are  produced  clavate  basidia 
bearing  at  the  apex  usually  quaternately,  slightly  stalked  or 
sessile  spores.  The  substance  of  the  plants  varies  from  gelatinous 
to  woody. — Illustrative  Genera :  Agaricus^  L. ;  Boletus^  Fr. ;  Poly- 
porus,  Fr. ;  Hydnum^  L. ;  Corticium,  Fr. ;  Clavaria,  L. 

Stracture  and  Ufe-lilstory. — ^This  group  is  the  best  known  of  all  the 
Fungi,  and  includes  the  common  Mushroom,  to  which  all  its  members  bear 
more  or  less  resemblance  in  organization  and  reproduction.  The  common 
form  is  that  of  a  pileus  raised  upon  a  stalk  or  stem,  and  bearing  on  the 
under  surface  lamellsB  or  gills  (^^anctm"),  pores  (jPo/yporci),  or  teeth  {Hyd- 
nacti),  on  the  surfaces  of  which  are  situated  the  basidia,  which  bear  the 
spores  (fiff.  616).  The  spores  are  the  only  reph>ductive  organs  and,  so  far 
as  is  vet  Known,  are  asexual  in  their  .origin.  On  (Terminating,  they  give 
rise  directly  to  a  new  mycelium,  which  bears  again  the  spore-producing 
plant*  Attempts  have  been  made  at  different  times  to  discover  the  exist- 
ence of  a  sexual  agency  in  the  production  of  these  spores,  but  as  yet  un- 
successftilly.  Among  the  basidia  are  seen  other  cells  of  similar  shape  and 
usually  larger  size^  called  cystidia ;  and  it  was  at  one  time  contended  that 
they  were  male  ot^ans,  but  no  special  function  seems  to  belong  to  them. 
They  ate  probably  only  barren  basidia.    The  mycelium  is  entirely,  or 
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wij  sOf  nndei^g^und,  and  that  part  which  is  commonly  called  the 
fcQ{2fu«  is  the  receptacle. 

lie  Agaridni  are  distingnished  from  the  other  Hymenomycetes  by  the 
bTmeniom  being  always  interior,  and  spread  over  the  surface  of  gills 
irhich  radiate  from  the  stem.  The  gills  may  be  either  simple  or  branched, 
aod  attached  to  or   distinct 


Fig.  616. 


or 
from  the  stem.  The  spores 
nrym  colour;  but  one  colour 
k  ronstant  as  a  rule  to  a  genus, 
onlen  in  the  case  of  the  large 
genus  Agarieusy  where  the 
eolour  of  the  spores  is  used  as 
the  basis  in  forming  groups  of 
the  difierent  subgenera.  The 
stem  is  sometimes  eartilagi- 
Bous,  and  sometimes  fleshy, 
aod  also  varies  in  colour,  but 
iconrding  to  the  species  and 
^ren  to  its  age.  There  is  to 
be  found  on  the  stem  in  some     _    ,,   ,  ....     *  «_•* 

«..«^   ...J    ««,l^««»«i<>«<i   A   inn<*     The  Muihroom  (.^flariew  «om/»rtfwr) :— A.  Fruit, 

iroeta  and  subgenera  a  ring  ^^^^^ ^y^ J^nrion froiitbe voi^ »nd  the 

or  ttfmrnUA,  which   is   all  that  Tail   tearing  aw»T  and  leaTins  the   annuloB. 

remains  of  a  veil  or  covering  »•  g^rtion  of -gill./'  m-flmifled  m  diwjet^ 

,    ,  ^>  I  \      I.*  v        •x  3  C.  Battdia  and  R>orefl  from  ditto,  magn.  400 

(frfaw  paritale)  which  united  diam. 

tbst  part  of  tne   stem  with 

the  outer  edge  of  the  cap  or  pileus,  but  was  ruptured  on  the  expansion 
of  the  latter.  In  certain  subgenera  of  Agtaricus  (e.  g.  Volvaria^  Amanita) 
the  whole  fungus  is  enclosed  at  first  in  a  volva  (velum  universale),  which 
ofi  bursting  falls  away  and  is  independent  of  the  cuticle  on  the  upper  sur*- 
£ice  of  the  pileus,  but  remains  attached  to  the  base  of  the  stem.  Some- 
timea»  as  in  Amanitay  both  forms  of  veil  are  found  together.  The  s^em 
is  Dot  always  central,  but  is  also  found  to  be  eccentric  and  even  lateral, 
as  in  FleurotuBj  in  which  it  is  usually  very  much  suppressed.  There  are 
more  esculent  species  of  Agaridm  than  of  any  other  group  of  Fungi. 
The  species  are  usually  terrestrial  in  habit 

In  uie  Polyporei  the  hymenium  is  spread  over  the  cavity  of  tubes  or 
pores,  and  is  in  some  cases  inferior  and  in  others  superior.  The  texture 
of  the  plants  is,  as  a  rule,  more  cartilaginous  and  woody  than  that  of  the 
Agarktni.  The  genus  Boletus  has  the  habit  of  an  Agaric,  and  usually 
its  central  stem  and  texture.  The  hymenium  is  distinct  from  the  hymeno- 
pbore,  from  which  the  tubes  are  easily  separated.  The  genus  Polyporus 
»,  on  the  other  hand,  difierent  frem  the  Agaridm  in  habit — ^the  stem 
when  present  being  usually  lateral,  and  the  texture  of  the  whole  often 
Very  woody.  The  hymenophore  is  not  easily  separated  fr^m  the  pores.  In 
the  resupinate  forms  the  pores  open  upwards,  and  the  habit  of  the  fungus  is 
crust-like.  The  species  of  this  genus  grew,  as  a  rule,  on  stumps  of  trees 
tod  other  woody  substances. 

The  hymenium  of  the  Hydnaoei  is  inferior  or  amphigeous,  and  spread 
oyer  teeth  or  spines,  which  are  soft,  usually  of  the  shape  of  an  awl,  and 
djatinct  at  the  base.  Some  of  the  species  are  in  the  torm  of  a  stalked 
pileos  with  the  teeth  on  the  under  sur&ce^  while  others  resemble  the 
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resupinate  fonns  of  Polt/parei,  Several  of  the  species  me  fleshy  and 
edible,  but  others  are  of  a  corky  texture. 

In  the  Aurictdarini  the  hvmenium  is  confluent  with  the  hTmenophore, 
which  is  even  and  very  rarely  veined.  The  habit  is  generally  the  same 
as  in  the  Poiyoorei, 

The  hymenium  of  the  davartnei  is  scarcely  distinct  from  the  hymeno- 
phore,  and  is  amphigeous,  and  reaches  to  the  apex  of  the  plant^  whirh 
IS  sometimes  club-shRped.  and  sometimes  in  the  form  of  spines  usuallT 
growing  tos^ether  at  the  base.  The  surface  is  at  first  smooth,  but  becomes 
wrinkled  afterwards.  The  plants  are  never  incrusting  nor  leathery,  hut 
are  usually  at  first  gelatinous  and  afterwards  homy.  It  is  said  that 
several  species  are  esculent 

Suborder  3.  Gastehomtcetbs. — Fiingi  formingf  roundish  ano^o- 
carpous receptacles  consisting  of  an  outer  layer  or  peridium  enolosing 
masses  of  tissue  on  which  are  borne  the  hvmenia.  The  spores  are 
borne  at  the  points  of  basidia,  one  basidium  often  producing^  as 
many  as  eight  spores.  The  spores  are  liberated  either  by  the  simpl*^ 
bursting  of  the  peridium,  or  by  the  development  of  particular 
masses  of  tissue. — Illustrative  Gfenera :  PJiallus,  L. ;  Lycoperdon^ 
Toumef . ;  Hymenogaster  Vitt. ;  Nidularia,  Fr. 

Stmctore  and  Llfb-liistory. — In  Phallus  the  peridium  resembles  the 
universal  volva  of  some  A^rarics  in  the  wav  in  which  it  envelopes  the 
internal  part  of  the  receptacle,  and  also  in  its  manner  of  burstinfr. 
Within  tne  volva  is  a  gelatinous  stratum,  and  within  that  again  the 
hymenium,  which  is  very  deliquescent  and  covered  by  an  inner  peridinm. 
Chi  the  bursting  of  the  peridium  Cor  volva)  the  hvmenium  is  elevated  in 
a  sort  of  pileus  by  a  stalk,  a^  in  the  volvate  Agaricini,  In  Clathrus^  an 
allied  genus,  the  receptacle  forms  a  globose  network.  In  Batarrea  then 
is  also  present  a  universal  volva,  and  the  hvmenium  is  similariy  elevated: 
but  in  LycoperdoUf  Hymenogaster^  NiduUtria,  &c.,  the  bursting  of  the 
peridium  sets  free  the  spores  without  any  such  elevation,  the  hymenium 
remaining  in  the  interior.  The  spores  reproduce  the  mycelium^  on  which 
the  same  plant  grows  again  without  any  intermpdiate  stage  as  far  as  is 
known.  The  Pufl^-balls  (I/ycoperdon)  and  Stink-horns  (PhaUus)  are 
typical  of  this  Order. 

ASCOMYCETES. 

Diagnosis. — ^Fungi  growing  chiefly  on  the  dead  parts  or  remains 
of  plants,  more  rarely  on  living  plants  or  organic  solutions.  The 
spores  of  this  Order  are  formed  in  asci  by  free  cell-formation, 
and  are  distinguished  by  the  name  of  ascospores.  From  the  germi- 
nating ascospore  there  proceeds  a  mycelium  consisting  of  densely 
branching  hvphae,  which  develops  either  within  the  host  or  spreads 
on  its  surface,  and  is  sometimes  short-lived,  and  sometimes  per- 
sists for  years.  In  most  cases  it  is  in  a  position  to  produce 
asexual  reproductive  organs — conidia,  stylospores,  and  spermatia. 
The  conidia  are  borne  on  conidiophores  or  special  branches  of  the 
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xroeliom,  and  the  stylospores  and  spermatia  are  formed  in  special 
euneeptacles  (pycnidia  and  spermogonia  respectively).  The  myce- 
jcffl  la  extensively  reproduced  by  these  asexual  organs,  and  in 
aany  species  they  are  the  only  reproductive  organs  known.  In 
ill  cases,  however,  in  which  the  con^lete  life- history  has  been 
fallowed  the  same  mycelium  has  been  found  ultimately  to  produce 
sexual  organs,  and,  as  a  result  of  the  Jertilization  of  these,  a 
iractification,  in  the  asd  of  which  are  formed  the  ascospores.  This 
completes  the  cycle  of  generations. 
This  group  is  divided  into  the  following  Suborders : — 

Soborder  1.  Discomtcetes. — Fungi  living  on  dead  organic 
bodies,  and  forming  on  the  branches  of  the  mycelium  sexual  organs 
—the  carpogonium  (female)  and  the  poUinodium  (male).  From 
the  fertilized  carpogonium,  or,  as  it  is  then  called,  ascogonium,  there 
vise  the  asd  in  which  the  ascospores  are  formed.  The  ascospores 
germinate  and  reproduce  the  mycelium.  The  hymenium  is  super- 
liei&I,  and  on  it  are  always  the  asci,  and  usually  paraphyses,  con- 
sidered by  some  authors  to  be  abortive  asci. — Illustrative  Genera : 
IlcheUa,  L. ;  Morchella^  Dill. ;  Feziza,  Dill. ;  Dermatia^  Fr. ;  Po- 
ttUaria^  Fr, ;  Phacidium,  Fr. ;  Stictis,  Pers. 

Mraetare  and  Life-hlstorj. — ^The  life-histoiy  of  A^cohduSy  as  detailed 
hr  JaDcxewsky,  is  typical  as  regards  Discomycetes  generally.  In  it 
t£e  paUmodium  and  the  earpogonium  consist  each  of  a  series  of  short 
crooked  cells  arising  on  neighbouring  branches  of  the  mycelium.  The 
thin  crooked  cells  of  the  polnnodium  embrace  the  more  remote  end  of  the 
sausage-shaped  carpojjonium,  and  in  this  way  the  fertilization  takes  place. 
In  consequence  of  terdlization;  one  of  the  ceUa  in  the  middle  of  the  carpo- 
jrocium  grows  larger  than  the  others,  and  becomes  globular  in  shape ;  it 
IS  distinguished  by  the  name  of  ascogonium.  The  ascogonium  then  sends 
•  Qt  numerous  hyphse  on  which  are  home  the  flask-shaped  asci,  and  in 
them  the  ascospores,  8  in  number.  The  hyphsB  of  the  mycelium  on  which 
the  sexual  organs  are  borne  produce  by  repeated  cell-division  a  dense 
lOAtiS  of  psieudo-parenchyme,  which  surroundd  the  carpogonium  and  forms 
the  sterile  part  of  the  fructification.  The  paraphyses  which  are  borne  on 
the  same  hyphas  with  the  asci  are  situated  oetween  the  latter,  and  may 
iierre,  accoraing  to  Boudier,  to  assist  in  some  way  the  dehiscence  of  the 
asd ;  they  are  generally  regarded,  however,  as  aoortive  asd.  The  whole 
frnctification  is  cup-shaped. 

The  sexuality  was  first  discovered  in  the  Ascomycetes  by  Professor  de 
Bary  in  the  case  of  Peziza  confluens.  The  process  of  fertilization,  &c., 
tt.ouffh  difiering  in  this  case  from  that  described  above  as  occurring  in 
Me^oius,  agrees  in  all  essential  details  with  it. 

There  are  certain  species  of  Peziza  the  mycelium  of  which  forms 
coaidia,  and  the  unripe  fruit  is  represented  bv  a  resting  sclerotium.  This 
W  been  observed  by  Prof,  de  Bary  in  Peziza  FuckeUana.  In  it  the  conidia 
are  formed  on  the  mycelium  prior  to  the  sclerotia,  and  reproduce  the  my- 
^lium  extensively.     No  sexual  process  has  been  observed  in  connexion 

2h 
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with  the  formation  of  the  sclerotia.  which  conmst  of  a  dense  mass  oi 
hy^hae  enclosed  hj  a  black  rind.  If  the  sclerotia  germinate  shortly  after 
their  formation,  the  result  is  a  myceliom  which  b^rs  conidia  again ;  hut 
if  germination  is  delayed  for  a  month  or  two,  a  basin-shaped  hymenium 
is  formed,  on  which  asd  containing  ascospores  arise.  This  form  of  fructi- 
fication is  that  commonly  known  as  Peziza  Fuckdiatut. 

The  spermatia  borne  in  the  spermoffonia  haye,  until  lately,  been  believed 
to  be  incapable  of  germination ;  but  M.  Coma  states  that  he  has  caused 
them  to  germinate  and  produce  a  mycelium  like  the  conidia.  In  Pesiza 
and  the  allied  genera  the  whole  fructification  is  basin-shaped,  with  the 
hymenium  on  the  inner  surface  of  the  basin  ]  but  in  other  cases,  e.  g. 
Morehella^  HdveUa^  Spathvlariaj  Geoffhssum,  &c.,  it  takes  the  form  of 
clubs  or  stalked  caps  of  considerable  size  with  the  hymenium  on  the  outer 
surface.  Our  present  knowledge  of  the  processes  of  fertilization,  &c.,  in 
the  Discomycetes  is  the  result  of  the  labours  chiefly  of  Tulasne,  De 
Bary,  and  Janczewsky. 

The  species  of  MorcheUa  and  HdceUa  are,  as  a  rule,  esculent,  but  none 
of  the  other  forms  of  Discomycetes  have  attained  any  reputation  for  this 
quality. 

The  genus  GymnoaBCM  is  an  assemblage  of  small  and  veij  simple 
Aecomycetous  Funffi  growing  on  duns'.  Its  m^^celium  begets  numerous 
sexual  organs,  which,  up  to  the  time  of  fertilization,  are  (male  and  female) 
exactly  alike.  After  fertilization  the  carpogonium  divides  into  a  series 
of  cells,  from  which  there  grow  out  short,  branched  ceUs,  on  which  the 
asci  containing  8  spores  are  borne  in  abundance.  The  frnctification  is 
quite  destitute  of  a  covering.  Though  not  agreeing  with  the  g^ieral 
characteristics  of  the  Discomycetes,  it  is  yet  more  nearly  akin  to  them 
than  to  any  other  forms  of  the  Aacomycetea. 

Suborder  2.  Ebtsiphe  Js  (fig.  1 B,  p.  8.). — ^Fimgi  growing  on  Kving 
plants  and  dead  organic  bodies,  and  consisting  of  a  mycelium  which 
spreads  on  the  surface  of  the  host  and  sends  into  it  numerous 
haustoria ;  forming  small  globular  fruits  with  thin  coverings,  which 
enclose  one  or  several  asci  springing  from  a  carpogonium. — ^Illus- 
trative Genera :  Erysiphe,  DC. ;  Eurotium^  Lk. 

Stmetore  and  Lifii-liifltory. — The  species  of  Erytiphe  grow  on  the 
leaves  and  green  stalks  of  Dicotyledons — more  rarely  on  Monocotyledons. 
The  mycelium  ramifies  denselv  on  the  surface  of  the  host-plants,  through 
the  epidermis  of  which  it  aenas  down  nimierons  haustoria,  and  is  repro- 
ducea  by  conidia  produced  in  series  at  the  end  of  unbranched  oonidio- 
phores.  As  in  many  Ascomycetous  and  othw  Fungi,  the  conidia  are  the 
only  forms  of  reproductive  organs  known  in  certain  species,  and  this  has, 
in  the  case  of  Erygiphey  as  in  the  others,  been  podnctive  of  confusion  of 
genera.  For  example,  Erygiphe  ISickeri,  a  vine  disease,  was  long  de- 
scribed as  a  species  of  Oidium.  On  the  other  hand,  in  many  other 
species  of  Erytiphe,  the  sexually  produced  fructification  is  easily  to  be 
found  either  adhering  to  the  myceliiun  threads  or  free.  Both  comdiaand 
the  sexually  produced  fruits  are  borne  on  the  same  mycelium.    The  car- 
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poiraiiim  18  sfurounded  by  numerous  poUinodia^  and  fertilization  takes 
vAmce  in  the  same  way  as  in  the  Discomycetes.  In  some  species  the 
i«rtilixed  carpogonium  contains  only  one  ascus  of  an  oyoid  shape,  which 
eadoses  ei^nt  aacospores.  In  other  species  the  carpogonium  contains 
seTenJaacL 

The  species  of  Ettrotium,  e.  ^.  S,  repens  and  E.  (AtnergtUus)  glaucwif 
icrree  in  the  essential  details  of  their  life-history  with  tnose  of  Erysiphe. 
The  mycelium  is  flocoose,  and  may  he  found  on  the  surface  of  the  most 
raiied  dead  or^ifanic  bodies.  First  are  formed  conidia  in  great  abun- 
dance in  cluflteiB  at  the  apex  of  the  conidiophoreS;  and  these  reproduce 
the  mycelium  so  plentifully^  that  this  fact,  when  coupled  with  the  easily 
satisfied  requirements  of  t£ie  fungus  in  the  matter  of  nosts,  accounts  for 
ita  exceedingly  wide  distribution.  On  the  same  mycelium  there  arise 
afterwards  the  sexual  organs.  The  carpogonium  is  the  end  of  a  mycelial 
hjpha  closely  wound  up  in  the  form  of  a  corkscrew,  and  proyidea  with 
fereral  transyerse  septa— one  to  each  turn  of  the  screw.  From  the  lowest 
turn  there  arise  two  tubes  which  grow  up  on  the  outside  of  the  carpo- 
^oiom ;  one  grows  more  rapidly  than  the  other,  and  reaches  the  top  of 
the  caipogoniuniy  with  which  it  conjugates.  This  is  the  pollinodium. 
Other  cells  then  grow  out  from  the  bottom  of  both  organs  and  enyelop 
them.  After  fertuization  the  carpogonium  divides  into  seyeral  cells,  on 
the  branches  which  proceed  out  of  which  the  asci,  containing  8  spores, 
ariae.  These  ascoHporee  germinate  as  in  the  other  Erygiphea,  and  produce 
a  mTcelium  which  bears  first  conidia,  and  again  the  sexually  produced 
frociificationB-perithecia.  "^         "^  /  F* 

Suborder  3.  Tubsbacea  (fig.  1 C,  p.  8). — ^Fungi  forming  usually 
large  subterraneous  tuberous  fruits,  possessing  a  thick  wall  (peri- 
dium)  of  pseudo-parenchyme,  enclosing  a  dense  mass  of  byphsB, 
among  which  the  ascogenous  threads  form  many  asci  imbedded  in 
the  sterile  threads.  The  mycelium  is  usually  yery  small  in  com- 
parison with  the  fructification,  and  conidia  are  known  only  in  the 
case  of  PmidUium  glaucum. — ^Illustratiye  Genera  :  Ttiber^  Mich. ; 
PmicilUum,  link. 

Strnetiirv  and  Life-history. — The  mycelium  of  JPemciUium  glaucmn 
erows  on  almost  all  organic  substances,  and  produces  long  chains  of  con- 
idia on  erect  oonidiophores  in  such  abundance  as  to  account  for  their 
^neral  presence  in  tne  air,  and  the  a])pearance  of  the  fungus  on  nearly 
erery  smtable  and  accessible  host  It  is  only,  howeyer,  in  darkness  that, 
like  the  other  Tuberaceffi,  the  fruits  are  formed.  It  is  well  known  that 
the  conidia  are  not  deyeloped  in  darkness,  and  this  formation  of  sexually 
produced  fruits  in  that  condition  (recently  discoyered  by  Brefeld)  is  a 
farther  mark  of  the  capaci^  of  this  fungus  for  distribution.  The  sexual 
oTgans  resemble  those  of  JSuroHum  (aboye  described)  so  closely  that  a 
de^ption  is  unnecessary ;  but  the  deyelopment  of  the  fi-uctificafion  after 
the  fertilization  of  the  ascogonium  is  dinerent  from  that  of  any  other 
Aiicomycete.  Shortly  stated,  the  asc<^onium  after  it  has  begun  to  ^r- 
minate  is  so  hindered  by  the  growth  of  the  enyelopingthreads,  that  it  is 
compelled  to  rest  for  some  time  in  asclerotioid  state.  When  germination 
is  induced,  howeyer,  by  artificial  means,  the  ascogenous  threads  are  seen 
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to  force  their  way  out  and  form  asci,  in  each  of  which  there  are  6  aaco- 
spores.  These  spores  germinate  and  produce  a  mvcelium,  which  again  bears 
conidia.  The  sclerotia  also  when  kept  so  long  that  the  asoogenous 
threads  have  lost  the  power  of  forming  asd,  germinate  and  form  the 
usual  conidia.  The  sclerotia  are  in  structure  so  similar  to  the  well- 
known  fruits  of  the  Tuberacea  (Truffles),  that,  however,  strong  the 
resemblance  of  the  sexual  organs  may  be  to  those  of  Burotiumj  they 
must  be  classed  with  the  former.  In  no  other  speciea  of  TttberaeetB  hare 
conidia  been  observed. 


Suborder  4.  Pybenomtcetes. — Fungi  growing  usually  on  dead 
organic  bodies  and  on  living  plants,  and  forming  round  or  flask- 
shaped  conceptacles  (perithecia)  with  walls  of  pseudo-parenchyme, 
and  containing  long  club-shaped  asci,  each  of  which  produces  (as 
a  rule)  8  spores.  The  perithecium  is  in  some  cases  open  at  first, 
but  in  others  an  opening  is  ultimately  formed  in  the  neck  of  the 
flask,  through  which  the  spores  are  emitted.  (It  is  not  yet  clear 
whether  this  fructification  be  generally  the  result  of  sexuality  or 
not.)  When  the  ascospores  germinate,  they  produce  a  mycelium 
on  which  are  formed  conidia,  stylospores  (in  pycnidia),  and  sperm- 
atia  (in  spermogonia).  In  many  species  one  or  more  of  these 
organs  are  wanting,  and  in  many  others  one  or  more  of  these  are 
present  and  the  perithecia  wanting. — Illustrative  Genera:  Clavir 
ceps^  Tul. ;  Nectria^  Tod. ;  Sphasria^  Hall ;  Xylaria^  Hill ;  DichanOy 
Fr. ;   Veniuria^  Fr. ;  Stigmatea,  M. 

Btructure,  Ao. — la  a  number  of  species  (e.  g.  the  SplutruB  timp^ces)  the 
perithecia  arise  on  a  very  fine  mycelium^  singly  or  in  groups,  and  in  such 
cases  it  seems  to  be  probable  (from  Woronins  observations)  that  they  are 
the  result  of  a  sexual  act     In  other  cases,  however  (as  in  Xylaria^,  the 
perithecia  are  formed  on  lara^e  club-  or  basin-shaped  stromata,  consisting 
of  dense  masses  of  tissue.    It  is  uncertain  whether  the  stroma  be  merely 
a  receptacle,  or  whether  there  takes  place  in  it  a  sexual  act  which  giv6d 
rise  to  the  perithecia.    The  conidia  are  formed  not  only  on  the  mycefium, 
but  also  on  the  stroma  or  even  (as  was  seen  to  be  the  case  in  PtnicilUuni) 
on  the  wall  of  the  perithecium.    Sometimes  conidia  and  stylospores  of 
two  different  forms  occur  in  the  same  species.    It  has  been  suggested  that 
the  spermogonia  and  pycnidia  are  merely  parasitic  on  the  Pyrenomycetes ; 
but  tnis  view  has^  in  the  case  of  the  pvcnidia,  been  recently  disproved  bv 
the  researches  of  Dr.  Bauke,  and  in  tlie  case  of  the  spermogonia  by  M. 
Gomu,  who  was  the  first  to  cause  the  spermatia  to  germinate  and  repro- 
duce the  mycelium.    This  Suborder,  like  the  Discomycetes,  includes  a    i 
great  number  of  forms,  many  of  which  seem  to  be  only  stages  in  the  life- 
history  of  other  plants,  and  which  have  received  the  names  of  distinct 
genera  and  species.  I 

I 
Suborder  5.  Licheites  (figs.  516  &  617). — ^Fungi  consisting  of  a 

thallus  of  densely  interwoven  hyphae,  sometimes  forming  pseudo- 
parenchyme,   deriving    their    nourishment   from    minute    AJgse    ' 


le  coses  knuwn  to  be  the  re- 
Fig.  617. 


Fig.  616. 
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ffonnerlj    cslled     gonidia)    imbedded    in  the    thsltug    (such  ab 
P-iimtOa,  NoUoe,  Ac.),  and  forming  regular  organs  of  fructifica- 
tioD  (spothecia)  containing  asci,  in  s 
salt  of  a  sexual  process.     There  are 
formed  also  on   the  thallus  tpermo- 
fnin  containing  tpermalia  (the  male 
organs,  which  have  been  proved  in  cer- 
tain cases  to  fertilise  a  female  organ 
nlled  a  trieltofft/ne)  and  occasionally 
pi/taidia.   —   Illustrative      Genera  : 
Optgrapha,       Pers.  ;        Umhiliei 
Eoffm. ;    Verraearia,     Pers.;    Endo- 
«/pan,Uedw. ;  SpftirropAonwi,  Pers, ; 
Cladonia,     HoSm. ;    Ltcidia,     Ach. ; 
Sirrtaoatiion,  Schreb.  ;    Parmtlia,  Yt.  ; 
Slkta,      Schreb.  ;      Cetraria,      Ach.  ; 
RecttUa.      DC.  ;     Ramalina,      Ach.  ; 
CMtma,  Ach. 

ItractoT*  and  Llfa-UstoTT. — The  p 

ntum  of  the  fungal  portion  of  the  Lichen 
iballos  is  not  of  such  a  nature  ns  to 
txoM  the  death  of  the  host  alga,  but  the 
rtUtions  seem  to  be  so  equslly  balanced 
»i  lo  allow  of  the  protTacted  mutual 
etijt«nce  of  both.  To  illustrate  lliia 
ind  the  life-historj  of  the  Lichenes 
two  instances  will  perhaps  be  sufficient,,  ^'•■.t'S"  ' 
hoili  of  which  are  from  the  recent  re-  w:ih"a, 
Ksrches  of  Dr.  Stahl.  mofton-     —  — 

Seinalit;  is  not  known  to  eiist  gene-  S^^^™-'"' 
nil;  in  the  Lichenes :  but  since  it  has  ^niiuL. 
been  established  in  tie  O^iemaeta  (so  Fin-  si j.  4.  ^^  "'  *"r^ 
important  subdivision)  we  may  fairly  "LJSw^  c.  a  ^IStion  of'  > 
conclude    that    the   matter    only    wanU  fr^imcnt  mtgniaeil,  ihoa^nc.  u. 

inreetigation  to  bring  more  instances  ipoihMimn,  ud  j,  ipannDgomi. 
to  light.  In  this  subdivisioa  the  minute  male  cells  or  spermatia 
m  forcaed  within  clossd  receptacles  called  spermogonia,  aud,  unendowed 
«ith  the  power  of  motion,  reach  the  female  organs  by  the  coaduction  of 
»»ier  (ram,  &c.).  The  female  organs  or  trichogynes  may  be  said  to  be 
camposedofthreeparta  according  to  their  function: — (1)  aunicellular organ 
of  conception,  (S)  a  cooductive  canal,  (3)  an  ascogonium  in  the  form 
cf  coils,  also  composed  of  several  cells  which,  when  fertilized,  give  rise 
Vi  the  spores.  The  point  of  the  trichogyne  is  protruded  through  the 
turface  of  the  thallus,  in  which  the  rest  of  the  organ  is  imbedded,  and 
tti«  ipermatiB  coming  incuntact  with  it,  the  contentsl>ecome  amalgamated 
•rit^  the  result  of  fertilization.  The  first  result  of  the  fertiliiation  is  seen 
in  the  increasing  size  of  the  cells  of  the  ascogonium,  and  alSo  an  increase 
in  tbrir  number  by  the  formation  of  transverse  septa.    The  paraphyses 
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thon  gpring  from  the  primitive  coil  of  the  aacogonium  and  increase  in 
number  with  the  formation  of  the  hymeninm,  on  which  ultimately  the 
asci  arise  from  the  ascogenoua  threads.  The  production  of  qpoies  by  the 
asci  terminates  the  generation. 

As  to  the  relations  between  the  parasite  and  host,  the  followinfi^  instance 
will  prove  illustrative.  The  Algae  embedded  in  the  host  received  the  name 
of  gomdia  before  their  nature  was  truly  understood,  and  it  was  ^nemlly 
supposed  that  tiiev  were  special  organs.  A  smaller  form  of  gonidia,  called 
the  hymenial  gomdia,  was  found  to  occur  also  in  the  empty  spaces  of  the 
apothecia  of  many  Lichens.  They  are  the  ofispring  of  the  true  0>nidia  by 
division,  and  are  carried  up  in  the  hymenium  bj  the  growth  of  Ijqc  hyphs. 
They  are  cast  out  of  the  apothecia  along  with  the  spores,  and  the  8j)orefl 
on  germinating  envelope  with  their  germ-tubes  the  hvmenial  gonidia, 
which  increase  in  size  and  become  the  thallua-gonidia  of  the  new  lichen. 
This  has  been  observed  in  Dermatocarpon  ScfuBreri  and  PolyhUuAxa  rugu- 
loM  by  Dr.  Stahl.  Beside  the  Dermatocarpon  there  ffrows  a  species  of 
Thelidium  the  gonidia  of  which  are  the  same  species  of  alga  (of  tne  genus 
Pleurococcus)  as  those  of  the  genus  Dermatocarpon*  If  the  spores  only  of 
the  Thelidium  be  brought  together  with  no  other  organisms  than  the 
hymenial  gonidia  of  the  Demiatocarponj  the  thallus  of  the  Thelidium 
with  the  characteristic  fructification  may  be  obtained  on  a  suitable  sub- 
stratum, thus  proving  that  the  same  species  of  gonidia  can  nourish  two 
Fungi  of  even  different  genera.  It  must  not  be  assumed  that  the  above 
history  of  the  gonidia  is  true  of  all  Lichens  imder  all  circumstances,  since 
no  doubt  the  great  majority  of  Lichens  find  their  hosts  in  a  more  acci- 
dental fashion.  The  gonidia  reproduce  themselves  ezactiy  like  the  free 
individual  Algse  of  the  same  species  or  genus. 

DtotrltontlcuL — Lichens  grow  mostly  in  exposed  situations,  such  as  on 
rocks,  walls,  trees,  &c.  in  all  parts  of  the  globe.  They  form  a  verv  hirfre 
proportion  of  the  entire  vesetation  in  the  higher  regions  of  mountains  and 
m' polar  latitudes.  The  thallus  has  usually  a  dry,  dead- looking  aspect 
(though  sometimes  soft  and  pulpy),  and  is  of  a  loliaoeous  or  scaly  and 
crustaceous  form.    It  varies  mucn  in  size. 

QnaUtiec  and  Vaafli — Many  Lichens  are  very  nutritious ;  a  number  of 
them  yield  valuable  dyes ;  some  are  medicinal,  others  aromatic  Among 
the  more  important  nutritious  kinds  are : —  Cladonia  rangifertna^  ^*  Reindeer 
Moss;"  Cetraria  islandica,  Iceland  Moss,  and  C  nivalis;  UmbiUcana 
(various  species),  constituting  "  Tripe-de^oche  "  of  the  North-American 
hunters ;  itccanora  esculerda  (Tartary)  and  L,  affinis^  Sticta  mdmonariay 
&c.  From  Lecanora  tartarea,  the  purple  dye  called  Cudbear  is  obtained ; 
ParmeUa  parietinaf  common  on  walls  and  roofs,  gives  a  yellow  colour; 
JRpccella  tinctoria  (Mediterranean  and  Cape- Vera  Islands,  &c.),  B.  /m- 
ciformis  (Madeira,  Angola,  Madagascar,  S.  America),  and  i2.  hypomecha 
are  Orchil-weeds,  from  which  the  dyeing  material  Orchil  or  Orchel  is  ob- 
tained— litmus  beinp  obtained  fr*om*  thesf^  and  other  species  of  JRoccella. 
Some  species  contain  a  considerable  quantity  of  oxalate  of  lime  in  the 
form  or  crystals. 
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When  young,  naked,  mobile,  in  consequence  of  which  the  masses 
of  Plasmodium  have  a  changing  form.  These  masses,  at  the  time 
of  fructification,  sometimes  dividing  themselves  into  single  parts, 
are  transformed  into  motionless  fruits.  Fruit  either  irregular  in 
form  (plasmodioearp)  or  regular  (sporangium).  Sporangia,  through 
fusion  and  union,  produce  now  and  then  compound  fruits  {JEtha- 
Uam)  usually  of  considerable  dimensions,  of  regular  or 
irvegular  form,  naked,  or  covered  with  a  common  coat  (cortex). 
^pores  produced  within  the  fruit  through  free  cell-formation,  or 
OD  the  surface  through  division.  The  contents  of  the  spores  at 
the  time  of  germination  give  rise  to  either  at  first  a  naked  zoospore, 
proyided  with  a  nucleus,  a  cramped  vacuole,  and  long  cilia,  or  to 
an  amceboid.  These  zoospores  or  amoebsB,  flowing  together  in 
masses,  give  rise  to  mobile  plasmodia.  (Eostafinski,) — Illustrative 
Genera:  Physarum^  Pers. ;  Didymium,  Schrad. ;  Sjptancuria,  Pers. ; 
SUmonitis^  Gled.;  Amaurodujete^  It. ;  Dictyostelium,  Bref. ;  CW- 
6rarta,  Pers. ;  Meticularta,  Bull. ;  Triehia,  Hall ;  Lycogalay  Mich. 

fltnietiire  and  UftB-hlstory. — The  Mvxomycetes  present  in  the  course  of 
their  liie  phenomena  so  entirely  different  from  those  occiuring  in  other 
Thallophytes,  that  it  has,  with  much  reason,  been  proposed  to  separate 
taem  nom  this  great  group,  and  to  place  them  among  animal  orgHnisins, 
to  which  at  least  one  stage  of  their  existence  shows  the  greatest  simi- 
larity. The  mobile  or  plasmodium  stage  resembles  very  strongly  the  mobile 
^mnibtd,  of  the  animal  qualities  of  which  no  doubt  has  been  entertained ;  but 
the  fructification  is  so  little  like  the  ^  encysting  "  of  these  animals,  or  any 
other  process  in  animal  life,  and  moreover  is  so  fungal  in  its  nature,  that 
this  proposition  has  not  been  generally  accepted.  Not  only  the  habit  of 
Hfe,  but  even  the  processes  of  nutrition  of  the  plasmodium  stage  are 
uiimaL — ^These  oigamsms  are  to  be  found  in  damp  situations,  on  rotting 
wood,  leaves,  &c. 

The  whole  of  this  subject  is  so  large  and  many-sided  (and  its  relative 
importance  here  is  so  small),  that  for  details  of  the  life-nistory  of  these 
organisms  the  student  must  be  referred  to  De  Baiy's  'Mycetozoa,'  and  for 
their  systematic  disposition  to  Rostafinski's  Monograph  of  the  Order, 
loddental  reference  will  be  found  to  them  under  the  head  of  Physiology. 

SCHTZOMTCBTES. 

The  SehtzomyceteB,  which  are  the  lowest  forms  of  life  known, 
inhabit  fluids  which  contain  organic  matter.  The  majority  consist 
of  extremely  minute  cells  which  neither  in  their  membranes  nor 
contents  exhibit  any  marked  characteristics.  They  are  usually 
present  in  great  abundance  wherever  putrifjring  organic  matter  is 
found.  Among  them  are  included  such  forms  as  Bacteria^  Sarcince^ 
Vibrianei^  Spirilla,  some  of  which  show  a  slightly  higher  organiza- 
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tion  than  others  in  the  possession  of  ciliA  by  which  motion  is  effected. 
They  usually  multiply  by  simple  segmentation ;  but  in  such  cases 
as  Badllus  an  apparent  reproduction  by  means  of  sporules  has  been 
observed.     It  is  probable  that  some  of  these  organisms  are  stages 
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Fig.  518.  Variout  species  of  Bacierinm, 
Tig.  619.  SaeUrium  termo,  matgn.  2400. 


of  some  more  perfect  plant.  The  small  Schizomycetes  called 
Bacteria  are  often  found  growing  on  the  mucous  surfaces  of  living 
bodies  and  on  wounds,  &c. ;  and  on  this  subject  there  has  arisen  an 
extensive  literature,  which  is  of  more  medical  than  botanical 
interest ;  and  there  is  no  doubt  that,  in  a  great  multitude  of  cases, 
the  observers  have  mistaken  the  products  of  the  decomposition  of 
organic  bodies  and  crystalline  precipitations  of  an  inorganic  nature 
for  Bacteria.  Whether  the  Bacteria  are  the  real  causes  of  fermen- 
tation and  of  various  diseases,  or  whether  they  are  merely 
concomitants  of  those  processes,  is  a  debated  point  upon  which 
it  is  impossible  to  enter  here. 

Allied  to  the  Schizomycetes,  though  of  a  higher  organization, 
is  the  genus  Saccharomyces  (or  Torula\  to  which  the  Yeast-plant 
belongs.  The  Yeast-plant  consists  of  single,  roundish  minute  cells 
of  greater  size  than  those  occurring  in  the  Schizomycetes.  It 
inhabits  fluids  which  contain  sugar,  in  which  it  excites  alcohob'c 
fermentation.  The  cells  contain  true  protoplasm,  which  can  easily 
be  recognized  as  such,  and  in  which  vacuoles  are  usually  to  be  found. 
They  multiply  by  simple  exogenous  or  endogenous  segmentation 
(fig.  1  A,  p.  8,  fig.  687,  p.  662). 

The  life-history  of  the  Yeast-plnnt  is  further  treated  of  under 
the  head  of  Nutrition  in  Cellular  Plants,  to  which  the  student  is 
referred  (see  p.  652.) 
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CHAPTER  I. 

PHYSIOLOGICAL  ANATOMY  OF  PLANTS. 

Sect.  1.  The  STEircTrEE  of  Plakts. 

The  Physiology  of  Plants  is  that  department  of  Botany  which  treats 
of  the  phenomena  of  the  Life  of  Plants,  as  manifested  in  a  series 
of  changes  taking  place  in  the  diverse  organs  of  which  each  plant 
is  composed.  These  organs,  as  we  have  already  seen  (Mobpholooy, 
Chap.i.),  are  not  simply  fragments,  combining  to  increase  the  bulk 
of  the  object  (their  size  alone  having  no  definite  relation  to  that  of 
the  entire  plant),  but  they  are  instrununts^  variously  occupied  in 
performing  the  different  functions,  the  continuous  operation  of 
which  indicates  the  existence  of  what  we  call  Life.  Por  morpho- 
logical purposes  it  is  best  to  use  the  word  **  part "  or  **  member  " 
without  reference  to  physiological  function,  which  may  be  different 
in  parts  of  the  same  morphological  nature.  Por  physiological 
purposes  the  term  organ  is  now  employed. 

The  external  characters  of  the  parts  of  plants,  generally,  have  been 
described  in  the  First  Part  of  this  work,  and  an  indication  of  their  func- 
tions has  been  conveyed  by  their  classiBcation  imder  the  heads  of  Vege- 
tative and  Reproductive  Organs.  But  the  object  of  the  Morphological 
chapters  was  to  point  out  the  conditions  and  relations  of  Form,  as  pro- 
daced  by  the  external  shapes  of  the  individual  organs  and  their  modes  of 
combination.  Here  we  have  to  examine  the  phenomena  of  Vitality,  as 
displayed  in  the  changes  they  present  in  the  course  of  the  Development, 
Growth,  and  Multiplication  of  Plants. 

The  physiological  Organs  of  plants  are  themselves  composed  of 
B  number  of  parts,  which  again  exhibit  a  kind  of  completeness  of 
their  own,  and  a  relation  to  the  organs  analogous  to  the  relation 
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of  the  latter  to  the  entire  plant.  These  ultimate  parts  of  organic 
bodies,  arrived  at  long  before  we  reach  the  limits  of  the  possible 
mechanical  divisibility  of  the  objects,  constitute  the  '*  atoms/* 
physiologically  speaking,  of  plants,  and  are  called  the  Elementary 
Organs. 

Under  certain  limitations,  we  may  oomoare  a  plant,  or  an  organ  of  a 
plant,  to  a  crystal.  Each  has  its  detinite  cnaracter  by  which  it  is  j^ossible 
to  distinguish  it  from  any  other  object  But  we  might  pulverize  the 
crystal,  and  yet  any  one  fragment  of  sufficient  size  for  operation  would 
disnlar  to  the  analyst  all  the  chemical  qualities  of  the  entire  crystal ; 
ana  if  we  dissolved  such  a  fragment  and  crystallized  it  upon  a  slip  of 
plass,  we  should  perceive  by  means  of  the  microscope  that  it  solidified 
into  a  miniature  representation  of  the  original  crystal ;  moreover,  if  we 
then  collected  all  the  fitigments  and  dissolved  them,  we  might  by  careful 
evaporation  reproduce  a  crystal  exactly  like  that  from  which  we  started. 

In  Vegetables  (as  in  Animals)  the  case  is  entirely  different.  When 
we  cut  a  plant  in  pieces,  the  parts  differ  not  only  in  form  but  in 
structure,  and  bear  no  longer  any  recognizable  relation  to  each  other ; 
we  cannot  reproduce  the  plant  mm  them,  and  even  the  chemical  ex- 
amination of  aifferent  fragments  may  give  most  diverse  results — ultimate 
analysis  alone,  by  which  they  are  resolved  into  their  mineral  elements, 
arriving  at  the  detection  of  a  common  bond  among  them,  that  of  being 
formed  of  compounds  which  we  only  meet  with  in  organic  matters.  Above 
aU,  in  the  act  of  subdivision,  although  this  may  be  carried  to  a  high  de- 
gree in  plants  without  destroying  life  (even  sometimes  within  the  limit 
of  single  organs),  beyond  a  certain  point  it  results  in  the  annihilation  of 
the  especial  force,  the  organizing  or  vital  principle,  by  which  the  oigans 
were  made  to  combine  their  activity  to  produce  the  distinctive  character 
as  an  independent  individual  object 

The  diversities  of  form  and  consistence  of  the  Elementary  Organs 
give  rise  to  all  the  differences  of  physical  condition  in  the  organs 
of  vegetation  and  reproduction ;  and  all  those  changes  which  col- 
lectively constitute  the  life  of  plants  depend  on  the  combination 
of  a  multitude  of  minor  operations  which  have  their  seat  in  the 
elementary  organs,  singly  or  as  combined  into  tissues.  The  study 
of  the  Elementary  Anatomy  is  therefore  the  only  secure  foundation 
upon  which  to  build  the  Physiology  of  Plants. 

Cells,  Protoplasm. — The  elementary  organs  of  plants  are  all  re- 
ferable to  one  primary  type,  which  is  not  only  recognizable  through 
a  comparison  of  the  fully  developed  modifications,  but  is  found  to 
be  the  form  in  which  all  originate.  This  fundamental  organ  of 
vegetable  structure  is  called  a  Cell,  and  may  be  defined  as  a  closed 
sac  composed  of  solid  membrane,  called  the  cell-wall,  and  filled  with 
fluid,  cell'sap,  and  semifluid  matter,  called  protoplasm. 

It  must  not,  however,  be  overlooked  that  living  plants  and  living 
parts  of  plants  can  exist,  at  least  for  a  time,  without  any  bounding 
cell-membrane.  The  perfect  cell  is  taken,  in  a  morphological  sense. 
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as  the  fundamental  unit  for  convenience'  sake,  and  because  it  presents 
a  definite  form ;  it  is  not,  however,  to  be  regarded  as  the  ultimate 
structural  unit,  because  detached  fragments  of  it  are  capable  of  in- 
dependent existence  under  certain  circumstances,  and  the  proto- 
plasm, in  which  in  all  cases  the  whole  vital  activity  centres,  is 
capable  of  living  and  moving  without  a  cell-wall. 

Cell-contentB. — The  cell  is  the  elementary  organ  of  vegetable 
structure ;  but  it  is  not  the  smallest  or  most  simple  definite  form  in 
which  oi^ganic  matter  may  exist  in  plants.  In  the  contents  of  cells 
we  find  granules  of  various  kinds  ^.,  and  also  fibres ;  the  former, 
however,  are  not  direct  constituents  of  tissues,  but  occur  only 
(inuyng  the  oonients  of  cells,  as  more  or  less  transitory  conditions  of 
assimilated  matter;  while  the  latter  merely  form  parts  of  the 
structure  of  the  cell-membrane. 

Uni-  and  Mnlticellnlar  Plants. — Plants  of  the  lowest  organiza- 
tion consist  of  the  ultimate  or  elementary  organs  in  their  simplest 
fonas,  and  may  even  be  so  simple  as  to  consist  of  a  single  ele- 
meutary  organ  or  cell  (figs.  503  E,  513).  A  step  higher,  we  find 
plants  composed  of  a  few  cells  connected  together  into  a  definitely 
arranged  group  in  their  earlier  period  of  existence,  and  subse- 
(.uently  separating  entirely  into  the  constituent  cells,  each  of 
vhich  lays  the  foundation  of  a  new  colony. 

IiBsaes. — By  far  the  greater  part  of  the  species  of  plants  are 
composed  of  an  indefinite  number  of  cells  permanently  combined 
together  andforming  whatare termed  the  tissues.  If  the  cellsentering 
ioto  the  composition  of  a  tissue  are  essentially  alike,  they  form  a 
fimpU  tissue ;  if  cells  which  have  undergone  modifications  which 
give  them  an  essentially  diverse  character  are  combined  in  an  ana- 
tomically well-defined  tissue,  this  is  called  a  compound  tissue. 

In  the  Algse,  especially  the  simpler  membranous  or  filamentous  forms, 
^e  may  readily  see  the  uniformity  of  the  character  of  the  cells  throughout 
the  thattus  (p.  435) ;  the  same  uniformity  prevails  through  the  cells  of 
i'Qch  tissues  as  the  pith  of  Dicotyledonous  sl^ms,  &c.  But  if  we  examine 
tbe  wood  surrounding  this  pith,  or  even  the  ribs  running  into  the  leaves, 
▼e  find  a  varietv  of  conditions  of  the  elementary  oigans  within  the  well- 
defined  limits  of  these  portions  of  woody  tissue. 

CeUnlar  tissue. — ^The  simple  tissues  of  plants  are  divisible  again 
into  two  primary  groups,  according  to  the  mode  of  union  of  the 
constituent  ceUs.  In  proper  Cellular  Tissues  the  coUs,  however 
firmly  coherent,  are  only  in  contact  by  their  walls,  which  form  a 
persistent  boundary  between  them.  In  a  series  of  tissues  roost 
extensively  developed  in  plants  of  high  organization,  the  cells  enter 
into  closer  relation,  becoming  confluent  by  the  absorption  of  their 
contiguous  surfaces,  and  thus  converted  into  more  or  less  extensive 
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tubular  bodie4i,  which,  in  their  various  conditions,  form  what  are 
called  the  ditcts  and  vessels  of  plants.  These  constitute  the  Vascu- 
lar Tissues, 

Vascnlar  tiflsnea. — ^^liat  are  called  the  vessels  of  plants  are  reallj 
compound  elementair  organs ;  hut  it  is  not  requisite  to  enter  into  more 
minute  distinctions  here,  since  the  phenomena  of  fuskn  of  cells  inti 
such  compound  organs  are  not  vexy  varied  in  plants,  and  in  all  cases  the 
composition  of  the  structure  from  a  numher  of  distinct  cells  is  Terr 
evident. 

The  tissues,  simple  and  compound,  enter  into  the  composition  of  the 
Organs  of  Vegetation  and  Reproduction  of  Plants  upon  a  certain  general 
plan  for  any  particular  kina  of  organ,  hut  under  specially  modified 
arrangements,  referable  to  a  progressive  series  of  types,  in  the  several 
large  Classes  of  the  Vegetable  Kingdom. 


Sect.  2.  The  Cell. 

Fonn. — The  shape  and  sizes  of  the  cells  of  plants  are  determined 
by  causes  of  t^'o  kmds,  namely : — their  own  laws  of  growth,  which 
are  inborn  and  hereditary ;  and  the  favourable  or  obstructive  influ- 
ences which  bear  upon  their  development  in  each  particular  case. 
As  a  general  statement,  it  may  be  said  that  the  primary  form  of  the 
Vegetable  Cell  is  that  of  a  sphere,  and  that  deviations  from  that 
t3rpe  are  more  or  less  attributable  to  secondary  influences,  arising 
from  the  connexion  of  cells  in  coherent  groups. 

The  spherical  form  is  usually  found  in  cells  developed  freely,  L  e,  not 
arising  irom  mere  subdivision  of  a  preexisting  cell.  Thus  we  find  era- 
bryonary  cells  and  endosperm-cells  in  the  embryo-sac  of  Phaneroffsmia,  the 
spores  of  some  CiTptogamia,  together  with  many  of  the  lower  plants  com- 
posed of  one  or  few  cells  only,  such  as  those  of  growing  Yeast  (fig.  '587, 
p.  552),  &c.,  presenting  the  spherical  as  the  original  form.  But  by  far  the 
most  frequently  occurring  spherical  cells,  such  as  many  pollen-grains,  spores, 
those  in  the  pith  of  voung  shoots  of  Dicotyledons,  of  the  pulp  of  fruit,  &c., 
assume  this  lorm  subsequentlv  to  the  earliest  stage  of  development,  being 
placed  in  circumstances  which  allow  them  to  expand  freely  aocordiDg  to 
their  natural  tendency. 

The  above  general  statement  is  subject  to  certun  important  exception?, 
in  which  deviation  from  the  typical  mrm  exists  without  any  interterence 
with  the  development  of  the  cell  according  to  its  own  laws ;  these  are 
met  with  principally  in  the  lower  cellular  plants^  especially  the  Unicel- 
lular Al^se,  in  which  we  find  single  free  ceils  assunung  the  most  varied 
but  specifically  determinate  forma. 

Examples  of  this  are  offered  not  only  by  the  DesmtdietB,  hut  by  the 
more  unequivocally  vegetable  VaucheritB,  Botrydium  i^^,  503,  E),  and 
others. 

The  interferinpr  influences  above  referred  to  are  of  two  principal  kinds, 
namely : — special  directions  assumed  in  the  development,  m  obedience  to 
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liwi  Kgulating  the  Btnicture  of  the  orfraniam,  or  of  the  tisaue,  of  which 
:he  cell  fotins  part,  «.  g,  unequal  growth  in  pdrticular  portions ;  and  oh- 
ftruction  to  the  poeeifaility  of  eipuuion  in  certain  directions,  from  the 
prenuie  of  suROundiDi^  celis. 

These  influences  are  Tery  frnitful  in  producing  raiiety  of  form.  The 
fint  kind  is  the  moat  important,  and  determines  the  general  form  of  the 
«n ;  the  Mcond  in  mott  cuea  nffecta  merely  the  shape  of  its  exlcrnal 

Rg.  621. 
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In  cells  existing  in  combination  we  find  three  principal  classea  of  forms, 
wf-Tsble  purely  to  the  influBnce  of  the  Inw  of  development; — (1)  the 
»dfroiilai,  obeilient  to  the  fundameotsltype ;  [2)  the  ry/inrfrien/,  in  which 
iW  ig  a  more  or  less  c<:nsiderablo  tendency  to  elongate  in  the  direction 
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of  a  vertical  axis ;  and  (3)  the  tabular,  in  whicti  there  ia  an  eicen  of  deve- 
lopment in  the  dirsctioii  of  the  two  transverse  axes. 

The  *pAero£A(f  form  prmeDt«  ever)' possible  tnuuitioa  from  tfaespheie(iVo- 
lococau,Sgs.  m^,  5i.i, poUen  at Pauifiora,  HQnteut,  cells  of  cortical  paieu- 

chTma,fig'.S20,ftc.')rthrou)[htheellipsoida](uBiislinIongeTorsborterforma 
in  the  9ntapidermalparenchjTnaofleaTes),tothe/u»i/or)i»or»/»>idfc-«'«"g>' 
(meet  abundant  in  the  cells  of  wood  and  fibrous  structure,  fig.  l)'2l),  and 
the  trulv  cylindrieal,  either  of  moderate  length  (cells  of  Conferv«,  fifr. 
512,  &B.J,  or  dnwn  out  so  as  to  become  what  is  tanned  Jiliform  (cultuo 

Fiff.  523.  Fig.  624. 
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Fii.  tH-  HflJabi  mllDUr  b<nic  [ram  the  petiol*  afUaih.    Uhd.  sa>  dim. 
pig.  fiSft.  BtdUtc  hair  from  tbepstioU  of  AjriH|iilaaad>»a.    HtgD.  300  diam. 

and  other  cellular  hairs).  The  apheroidal  form  also  passes  gradiullv, 
especiallj  in  epidermal  tissuea,  into  the  tabular  form. 

Modifications. — Secondary  modiBcationa  of  these  forma  arise 
chieflj  either  from  partial  cohesion  in  lai  tissues,  from  irregular 
growth,  or  from  preBsure  in  densely  packed  tissuea. 

Thus  the  spheroidal  form  becomes,  in  lax  tisauea,  an  irregular  spheroid 
in  endless  varietios  (comtnoneat  of  all  in  the  pareuchjma  of  leaves  and 
rind  of  succulent  stems),  running  out  bj  degrees  into  lubed^  and  fin&llj 
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ileBaU  forms,  by  exclusive  development  of  the  finee  surfaces  while  the 
(ontigttons  cells  remain  attached  at  a  few  points,  e.  ff,  in  cells  of  the  paren- 
ehjma  of  leaves  and  leaf-stalks  of  many  Monocotyledons  (fig.  622),  Musa, 
SapUaria  (fig.  o2d),  &c.,  and  above  all  in  the  cellular  tissue  of  Rushes 
(fi^.524)  and  the  stems  of  various  aquatic  plants.  In  the  tissues  of 
WMUehiaj  as  also  in  Arauearia  and  other  Conifers,  very  large  irregu- 
iarlj  bnnching  cells,  covered  with  small  ciystals,  may  be  seen :  these  are 
wmetimes  called  gpieuiar  cells. 

The  mutual  pressure  of  cells,  commonly  exerted  in  stems,  in  seeds, 
liard  parts  of  fruits,  &c.,  converts  the  spheroidal  into  polygoncd  forms,  of 

Fig.  626. 


CeIkorthepith(tf.<lAmaMmoWf,  MoninaTerlioalieotioii.    Mags.  900  diam. 

J^iiich  the  more  or  less  regular  dodecahedron  or  tetrttdeeahedron,  giving  an 
hexagonal  section,  and  arising  from  equal  pressure  in  all  directions,  is 
perhaps  the  commonest  (pith  of  fuUy  developed  shoots  of  Dicotyledons. 
|>ach  as  £ld«r,  &c.),  or  ctioic,  found  in  woody  fruitS;  &c  The  cylindrical 
^mea  under  the  same  circumstances  pnamatic,  either  six-sided  with 
oat  ends,  or  with  three  rhombic  faces  at  top  and  bottom,  the  common  form 
01  the  cellulax  tissue  of  the  stems  of  herbaceous  stems  (fig.  626;^  or  4-sided 
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with  flat  ends,  m  in  the  meduUuj  nya  of  Dioo^ledons,  or  with  conit^id 
or  oblique  enda,  the  comiuon  form  of  wood-cella.  Less  frequent  &re  the 
forms  of  spoiea  and  poUen-graims  sometimes  onlj  lempomj,  aonietinie« 
permiweat,  urisiag  fVotn  the  devnlopment  of  foui  cells  l^  segntentatioii  of 
a  spherical  parent  cell ;  these  sometimes  appear  of  the  form  of  quarttrB  of 
an  orange,  fometimes  as  tetrahedra,  the  curved  surface  forming  the  base  of 
the  pTnimid.  In  the  tnbidar  forms  of  the  cell,  the  mutual  pressure  Reue- 
nilly  confirmB  an  original!^  rectangular  figure,  ihs  tabuiar  cells  of  epi- 
dermis and  cortical  structure  bebg  usually  of  quadrangular  or  poljan^ulai 

Fig.  627.  FTg-  fi28. 
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figure,  flat  above  and  below ;  hut  in  these  we  have  sometimes  complica- 
tion from  expansiou,  under  pressure,  princi]pall,r  in  certain  directions^ 
cells  of  the  epidermis  of  mvaj  plants  eibibiting  side  walla  thrown  into 
uuuositiea  following  a  particular  pattern  (fig.  628). 

By  far  the  grent  majority  of  cells  ia  the  higher  plants  originate 
in  firms  analogous  to  those  produced  by  pressure,  eiiice  they  mul- 
tiply by  division,  nnd  the  septa  di\'iding  two  newly  formed  cells 
have  ordiuarily  plane  surfaces  (fig.  527) :  a  spherical  cell  forms  two 
hemispherical  cells,  &c. ;  a  prismatic  cell  dividing  perpendicularly, 
two  half-prisms,  or,  if  horizontally,  two  superposed  shorter  prisms, 
&c.  As  ti  general  rule  the^e  cells  have  a  tendency  to  assume  the 
spherical  (or  cylindrical)  form  in  their  earlier  stages  of  growth, 
while  the  whole  mass  oi  tissue  is  laz ;  and  if  thej  ore  set  free,  as 
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in  the  case  of  spores,  pollen,  <&c.,  they  often  become  quite  spherical. 
Bat  if  tfaej  form  part  of  a  permanent  tissue,  the  expansion  oF  the 
oT^xa.  of  which  thej  form  part  stops  at  a  certain  point,  before  they 
cease  to  swell,  and  thus  the  mutual  pressure  comes  to  bear  upon 
them  and  causes  the  production  of  plane  surfaces. 

We  may  trace  this  by  making  sections  of  a  pith  of  a  shoot  of  Elder 
from  the  growing  point,  or  pmictum  veffstationiSf  downwards :  at  the  point 
the  naaoent  cells  are  squarish ;  lower  down  they  have  swollen  into  sphe- 
rical, while  when  fall-grown  they  are  dodecahedral.  The  similar  change 
from  cylindrical  to  prismatic  takes  place  in  the  cambium-cells  of  annual 
^m  and  shoots ;  but  in  succeeding  years  the  cambium-cells  formed  by 
diTision  of  preexisting  cells  exhibit  a  rectangular  outline  first  and  last, 
rdy  incieasmg  in  diameter,  chiefly  in  a  radial  direction. 

Dimensions. — ^The  magnitude  of  cells  is  very  varied.  About  ^^^^^ 
of  an  inch  may  be  taken  as  an  average  of  the  diameter  of  paren- 
chnna-cells  ;  the  cylindrical  cells  are  especially  remarkable  for  the 
grvat  length  they  often  acquire  as  contrasted  with  their  transverse 
diameters,  and  with  the  transverse  and  perpendicular  diameters  of 
other  forms. 

The  larger  cells  of  the  pith  of  the  Elder  are  about  yj^  of  an  inch  in 
diameter,  out  ^^  is  to  be  regarded  as  a  large  diameter  in  parenchyma. 
'Ja  the  other  hand,  the  spores  of  Fungi  affjrd  examples  of  extremely 
minute  dimensions,  such  as  u^^  to  r^^g^  of  an  inch.  The  cylindrical 
c^'.ls  of  wood  are  not  uncommonly  3^  of  an  inch  in  length ;  liber-cells 
^«>^letime8  from  -jV  to  ^  or  }  of  an  inch  (Flax).  Hairs  composed  of  one 
f?  more  cylindriciBkl  cells,  and  the  cylindrical  cells  of  some  of  tne  Oonfervne, 
e«peciallj  VaucheriOf  Bryopsia,  &c.,  and  Chara^  also  attain  longitudinal 
dimensions  to  be  measured  in  inches^  while  their  diameter  is  estimated  in 
hundredths  of  an  inch. 

The  CelUwalL — In  all  young  cells  the  ^vall  is  of  membranous 
nature,  and  in  many  cases  it  always  retains  this  character.  AVhile 
young  this  membrane  is  freely  permeable  by  water,  elastic  and 
flexible.  As  the  cell-wall  grows  older  it  becomes  altered  in  con- 
sistence and  firmer,  opposing  a  greater  obstacle  to  the  entrance  of 
water  into  its  substance,  independently  of  any  great  increase  of 
thickness,  as  we  see  in  cork-cells  :  when  it  increases  in  thickness 
it  may  remain  soft  and  flexible,  or  become  very  dense ;  but  in  such 
cases  it  generally  remains  tolerably  freely  permeable  by  water,  even 
when  most  dense,  while  the  softer  kinds  absorb  water  so  readily 
that  they  swell  up  considerably  when  wetted. 

Membrane  of  living  cells  always  appears  to  contain  water  as  an  essential 
pArt,  almost  like  the  water  of  crystallization  in  hydrated  salts.  When 
dried,  cells  contract  more  or  less ;  and  many  phenomena  of  bursting  of 
fruits,  sporanges,  &c.  are  the  result  of  the  teanng  down  of  weak  regions 
of  celliuar  tissue  by  the  contraction  of  firmer  tissues  in  drying.    Cellular 

2i 
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tissues  with  soft  thick  memhrane,  like  those  of  the  Alg»  &c.,  contract  in 
drying  so  as  to  cause  the  shriTelliDg  of  the  structure.  All  such  tissues 
al)6orD  water  when  wetted,  and  sweU  up  again,  hut  do  not  in  all  cases 
reassume  their  original  flexihility.  Cells  of  wood,  liher,  &c.  also  expand 
when  wetted ;  hut  the  expansion  takes  place  in  a  direction  transverse  to 
their  axes,  and  they  usually  contract  in  the  longitudinal  dimension  as 
they  swell  laterally.  Hence,  although  wood  and  fihrous  structures  swell 
in  water,  it  is  only  in  the  direction  acrota  the  grmn^  and  cordage  simul- 
taneously cowtrada  in  the  direction  of  the  fihres. 

Diluted  sulphuric  acid  and  alkaline  solutions  cause  a  swelling  of  the 
membrane  of  most  cells,  of  which  advantage  is  sometimes  taken  in  woven 
fabrics  to  render  the  stuff  closer  in  texture.  By  soaking  in  an  alkaline 
solution,  the  single  iibres  are  made  to  swell  so  as  to  come  more  completely 
into  contact  and  fill  up  the  interstices. 

Primary,  unaltered  cell-membrane  is  colourless  ;  subsequently  it 
becomes  coloured,  usually  of  a  tint  of  brown,  apparently  by  infil- 
tration of  substances  formed  in  the  contents,  since  by  boiling  the 
membrane  of  old,  deep-brown  tissues  with  nitric  acid,  or  with 
solution  of  potash,  the  colouring-matter  may  be  extracted. 

The  original  membrane  of  a  newly  formed  cell  is,  as  far  as  Txe 
have  the  means  of  perceiving  it,  a  homogeneous  layer  of  substance, 
the  porous  nature  of  which  is,  in  most  cases,  only  to  be  concluded 
from  the  fact  of  its  permeability,  no  visible  pores,  except  in  excep- 
tional cases,  being  revealed  by  the  most  perfect  microscopes  we 
possess. 

It  is  important  to  note  this  homogeneity  of  the  primaiy  cell-wall,  as 
.the  membrane  almost  always  becomes  marked  with  dots  and  spiral  lines, 
indicating  inequality  of  thickness,  as  it  becomes  thicker. 

This  primary  membrane  is  apparently  a  secfetion  from  the  pro- 
toplasm, though  by  some  it  is  looked  on  simply  as  a  chemical  pre- 
cipitate. It  appears  to  have  the  property  of  growing  by  what  is 
caJled  intussusception  of  molecules,  since  it  expands  to  accom- 
modate the  increasing  contents  of  the  cell  in  cell-growth,  with- 
out any  indication  of  structure  necessarily  accompanying  the 
expansion. 

No  better  example  of  this  can  he  mentioned  than  the  growth  of  the 
pollen-tube  of  Phanerogamia,  which  sometimes  acquires  a  length  of  2 
or  more  inches  {Cactus)  without  ever  departing  from  the  homogeneous 
pellicular  structure.  Cell-membrane,  however,  may  increase  in  size  by  ex- 
pansion, as  we  see  in  the  cell-division  of  (Edogomkinh  in  which  a  thickeiied 
ring  of  accumulated  cellulose  is  stretched  out  by  the  elongating  cell  and 
becomes  a  thin  membranous  coat  to  the  latter. 

Molecular  stmcture. — The  molecular  structure  of  cell-membrane  has 
been  studied  by  Nageli,  who,  from  his  researches  on  the  constitution  of 
the  membrane  of  the  starch-grain  by  means  of  polarized  light,  cornea  to 
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ihe  coDcIunoD  that  all  orgmiic  substoDces  nre  compowd  of  eryttalline 
lEolKules  grouped  in  a  deliiiite  muiner.  When  dry  the  moleculea  &ra 
idihont  interapacea  ;  when  moiet,  each  molecule  is  eunouuded  hj  a  thin 
liliii  of  water.  Nageli  further  suppaaes  that  each  molecule  U  made  up  of 
>  QiuDber  of  atoma,  similar  to  or  identical  with  the  aloms  of  the  chemiat. 
The  molecules  are  of  different  sizes ;  those  portions  of  the  structure  richest 
b  water  have  the  amalle^t  molecules.  The  moleculeg  themeelves  are  of 
iL*  nature  of  crystaJs  with  two  optic  axes.  It  is  possible  that  the  ex- 
tremely nunota  dots  and  striffi  above  mentioned  may  have  some  relations 
i«  this  molecular  structure. 

Secondary  Growtha. — The  walls  of  alnjoat  all  cells  aoon  exhibit 
a  riepartiire  £rum  the  original  simple  condition,  arising  from  the 
fiirmstion  of  new  lainelUe,  more  or  less  resembling  the  primnry 
nirmbrane,  all  over,  or  over  partii-ular  parts  of,  the  inside  of  the 
jirimary  meDibrane.  These  are  distinguished  aa  tecondary  layers 
(li^.  529,  530).  They  are  of  different  densities,  and  they  are 
usually  separated  one  from  the  other  by  Ihin  films  of  watery  cell- 
sap.  The  consistence  of  these  layers,  and  the  mode  in  which  they 
arcdisposed,  produce  the  most  important  diversities  of  character  of 
the  v^ls  of  fully  developed  cells. 


The  laminaled  condition  of  cell-membrane  mav  be  well  observed  in 
"mple  cellular  structures  by  treating-  fragments  of  Cladop/iura  ffhtnerata, 
■*  other  lar^  Oonfetvoid,  with  diluted  sulphuric  acid.  The  laminra  are 
'err  visible  id  cross  sections  of  the  cells  of  wood  and  liber  after  these 
ti8T9  been  builed  for  a  short  tiine  in  nitric  acid.  These  soy^lled  byers 
•re  not  successive  depoeitions,  but  are  formed  like  the  cell-wail  itsell,  of 
"bicb,  indeed,  they  are  intrinuic  portions,  by  intusaueceptinn  of  new 
pwticlea  alternately  more  or  less  dense.  The  ttrm  layer  is  therefore  a 
"""■"""T,  descriptive  of  an  apparent  and  not  of  a  real  condition. 
2i2 
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Oelatinoofl  Layers. — Besides  the  primary  membmne  and  the 
secondary  formations,  we  find  in  certain  cases  a  kind  of  envelope 
which  has  been  variously  explained  by  different  authors.  The  fila- 
ments of  some  Confervoids  {Spirogyra^  fig.  512,  A),  of  Desmidium, 
&c.,  the  families  of  cells  of  Palmdleoi  (figs.  504,  513)  and  Rostock- 
inece^  are  surrounded  by  a  coat  of  gelatinous  consistence  outside 
the  proper  cell-membrane.  This  appears  to  be  produced  by  the 
softening  and  swelling  up  of  the  parent  cells  (of  many  generations) 
of  the  cells  which  are  surrounded  by  such  envelopes. 

Caticnlar  Layers. — ^Another  layer  is  characteristic  of  many  cell- 
membranes  which  are  destined  to  protect  the  subjacent  tissues, 
or  their  own  contents,  from  the  action  of  the  atmosphere,  namely 
those  of  epidermal  cells  and  of  pollen-grains  and  spores.  These 
exhibit  a  superficial  pellicle,  of  varied  character  as  to  thickness, 
texture,  and  marking,  which  pellicle  appears  subsequently  to  the 
first  formation  of  the  cell.  This,  like  the  gelatinous  coat  just 
described,  is  a  structure  altogether  of  secondary  character,  but  is 
distinguished  from  the  ordinary  secondary  layers  of  thickening  by 
its  position  on  the  outside  of  the  cell-wall. 

It  is  still  a  moot  question  whether  these  pellicles  are  secreted  by  the 
primary  membrane  on  the  outside,  or  are  formed  by  transformation  of  the 
outer  laminae  of  the  primaiy  membrane  itself,  whose  place  is  then  talien 
by  some  of  the  outer  secondaiy  layers.  This  subject  will  be  more  dwelt 
upon  under  the  head  of  the  cuticle. 

Thickening  Stmctxure. — The  secondary  formations  on  the  inside 
of  the  cell-membrane  may  (1)  correspond  in  character  to  the 
primary  wall,  in  which  case  the  cell-wall  is  simply  thickened  by 
new  lamellse  ;  or  (2)  the  new  layers  applying  themselves  over  the 
surface  of  the  wall,  leave  certain  parts  oare,  which  appear  as  d<its  or 
pits  of  various  forms  when  viewed  from  the  inside  (figs.  531,  a,  b); 
or  (3)  they  are  applied  only  over  parts  which  form  peculiar 
patterns  upon  the  primary  wall,  ana  appear,  when  of  sufficient 
thickness,  like^^r^^  adhering  to  it,  spiral,  annular,  or  connected 
into  a  kind  of  network. 

Those  secondary  layers  which  resemble  the  primary  wall^  although 
evenly  deposited,  present  in  certain  cases  an  appearance  as  though 
their  molecules  were  arranged  in  a  spiral  order,  dnce  fine  spiral  streaks 
may  sometimes  be  detected,  after  treating  them  with  acids  and  by  other 
meansj  and  many  of  them  are  apt  to  tear  in  a  spiral  direction.  The 
excessively  delicate  spiral  marking  here  referred  to  (seen  in  liher-cellfl  of 
Viruiay  fi^.  533,  and  most  ApocynacesB  and  Asclepiadacee,  in  wood- 
cells  of  Pinvs,  in  the  cell-memorane  of  Hydrodictyony  &c.^  must  not  be 
confouDded  with  a  deceptive  appearance,  resembling  a  much  coarser  spiral 
Btriation,  produced  by  treating  the  membranes  of  Conferv®,  tiie  paren- 
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cfajma-eellfl  of  Orchis,  Cuewhita,  Sec  with  sulphuric  add,  where  the 
appearance  often  results  from  the  irregular  convolutions  of  the  swollen 
kmella  of  the  oell-walL 


Fig.  531  A. 


Fig.  581a.  SeotionofoeUBorthe  endosperm  of  a  Siiffo- Palm.    Magn.  200  diam. 
Fig.  531  B.  THminat^  oell-walla  of  the  oells  in  A.    fiagn.  600  diam. 

The  iiniform  kind  of  secondary  layers  are  sometimes  accumulated 
at  one  side  (fig.  534),  or  in  the  angles  of  cells  (fig.  535) :  thus 
they  are  much  thicker  on  the  side  of  epidermal  cells  next  the  air ; 
and  they  fill  up  the  angles  of  the  cells  of  the  fleshy  endosperm  of 
many  seeds,  the  cells  of  the  collenchyma  found  beneath  the  rind  of 
Chenopodiaoeffi,  and  the  cells  of  the  leaves  of  Nymphcea,  of  some 
Jungermanniaceas,  <&c.  There  is  reason  to  believe  that,  in  some 
instances,  the  cell-wall  thickens  at  certain  seasons  and  becomes 
thinner  at  others  ;  but  this  appearance  may  arise  from  an  alter- 
nately swollen  and  contracted  state,  and  not  from  absorption  and 
R^eposition. 

The  suhject  will  be  alluded  to  again  under  the  heads  of  epidermis  and 
miereeOuiar  substance. 

Pitted  Cells. — ^The  deposits  which  leave  spots  of  the  primary 
membrane  bare  form  what  are  called  pitted,  or,  less  properly,  j7orou5 
cells.  They  occur  on  the  walls  of  most  cells  of  the  parenchyma* 
tous  structures  of  the  higher  plants,  in  the  form  of  round  spots 
(fig.  526),  where  the  still  membranous  cell-wall  is  thinner.  In 
wood-cells,  in  liber-cells,  and  the  greatly  thickened  ceUs  of  fleshy 
endosperms,  hard  seed-coats,  &c.,  the  formation  of  a  great  num- 
ber of  secondary  layers  upon  the  wall,  always  leaving  those  spots 
bare,  converts  the  pits  into  canals  running  out  from  the  contracted 
cavity  to  the  primary  wall  (figs.  530,  531). 

The  marks  are  really  always  pits  at  first,  as  may  be  seen  by  colouring 
the  cell-membrane  with  iodine.    But  in  old  wood-cells  they  appear  some- 
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times  to  become  hnlea,  hy  the  absorption  of  the  primarj  membrane  nbkb 
formed  a  kind  of  diaphragm  OTei  the  outer  end. 

These  [ulted  martings  may  be  circular,  oval,  or  eloDgated  traasveraek 
or  more  or  less  obliquelv,  so  as  to  approach  to  the  appearance  of  shu. 
Sometimes  the.  later  eecbndiirr  growths  do  not  extend  quite  to  the  ed^ 

Fig.  634 
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of  the  aperture  in  the  eai'lier  layers,  and  the  sueceesiTe  layers  msy  so 
retreat  from  this  edge  that  the  cauol  becomes  at  length  funnel-^htped ; 
in  this  case  the  pit,  when  teen  in  front,  presents  a  double  outline,  on" 
corresponding  to  the  outer  end,  the  otlier  to  the  inner  and  wider  end 

(fig.  6ac). 
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^ir4»nA  Piifc— This  condition  may  be  further  complicated  hy  the 
«iui?ac8  of  a  lenticulftr  depression  between  the  conti^ous  wbUb  of  pitted 
»lls,  aa  in  the  wood  of  Coniferm  (fig.  537).  The  oathne  of  this  depreasion 
pTes  the  appaarance  of  b.  drcle  flurrounding  the  central  pit — the  circle 
bein?  due  to  the  greater  thickness  of  Becoodttry  growth  in  that  situation. 
■N.h»cht,  howBTer,  asserts  that  the  pit  is  a  renl  perforation,  and,  further, 
ihu  in  the  Terr  young  condition  tlie  lenticular  cavity  between  two  ad- 
jdceoi  celli  id  (Urided  into  two  compartinenta  by  a  thin  longitudinal  parti- 


Pit>w--01uidi-'< 


1-  PBRorisodd-«Uar0inl«MlB(iii,iDiati»l»i 
•nbm  at  t  wood-cell  at  Rnu  f'lHa :  a. «  bordi 
C.  Fn^sDt  of  tbm  w»Jl  of  w  wood-nU  of  Hinu . 
a,  t^  pU;  b,  tha  UrgB  Tag, 


thfl  lentiaalAr  mtaFi[»ae  (a 


lioa,  which  is  the  piimaiy  deposit  of  the  two  cell*.  The  bnticular  cavity 
i'  fiiTzoed  by  the  resorption  of  this  deposit,  and  a  communli^tion  e.ita- 
biished  between  the  two  adjacent  cella.  Theee  areolated  pits  [or  masitB, 
a<  Schacht  calls  them)  are  not,  aa  was  once  Bupposed,  confined  t«  the 
CinitpftB;  hut  they  are  universftllv  found  throu^rhout  that  group  with  a 
''vularity  of  disposition  and  constancy  of  occurrence   not  known  else- 

Uttlee  or  Clattarate  Cells,  Sieve  disks. — A  further  compli- 
atioQ  of  the  pitted  structure  has  bsea  descnbed  bv  Yon  Mohl 
K  occurring  la  the  viua  propria  oF  the  vascular  bundles  of  Mono- 
cotyledona,  and  in  the  thin-walled  culls,  layers  of  which  alternate 
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with  the  loDg  woody  fibres  in  the  liber  of  DicotjledonB.  In 
theee  cells,  which  that  author  ealla  "latticed"  or  "  clathrate  "  cells, 
the  membrBDe  which  forms  the  diaphragm  closing  large  pits  is 
marked  with  an  excessively  delicate  network,  appareutlj  formed 
of  fibres  applied  upoa  the  primary  membrane,  and  geaerally  per- 
forated. This  occurs  not  only  in  the  pits  of  the  side-walls,  but  in 
those  which  are  found  on  the  septa  between  cells  standing  one 
above  another,  and  which  constitute  the  titve  ditkt  of  the  G)«rmans, 
the  said  disks  being  covered  on  one  side  with  a  thick  hyaline  struc- 
tureless perforated  plate,  not  coloured  blue  by  iodine,  and  whose 
nature  and  functions  are  at  present  unknown. 

Spiral  Seposita. — The  "  fibrous  "  aetondary  layers  may  present 
the  form  of  a  single  spiral  band,  running  from  one  end  of  tbe 
cejl  to  the  other,  and  with  the  turns  of  the  spire  quite  cJose  or 
more  or  leus  distant  (fig.  538) ;  or  the  spiral  band  may  be  double, 

Fip.640. 


FfR.  138.  Cell  from  (fac  nianiiDiiun  olK,miiti'<»  arttiw.    WBfn.  2.V)  di'uii. 
Tig.  D39.  CelUfrom  thr  IpDmiHiuiD  of  Marckan/ia  poJifmorpk'^     U>gD.  ^oUdiMBl. 

tiiple,  or  even  consist  of  six  or  more  parallel  bands.  Very  often 
these  spiral  secondary  deposits  are  sufficiently  elastic  to  aJlo<F  of 
their  being  stretched  out,  the  comparatively  thin  primary  membraae 
to  which  they  adhere  giving  way  at  the  interstices. 

In  the  cells  of  the  coat  of  the  seed  of  OoBomia,  the  primary  membnw 
becomes,  during  the  ripening  of  the  seed,  converted  into  a  subetanM 
which  Bofiteas  and  swells  up  id  water ;  so  that  when  this  structure  a 
wetted,  the  spiral  fibre  spnnga  out,  opening  its  coils  widely  like  s  wi« 


Tbe  anrtuiar  tbickeninga  (fig.  530)  Are  less  common  than  the 
tpinl,  but  occur  sometimes  in  the  B^e  cell,  and  also  in  osBOciatton 
Hill)  Ibe  next  kind,  the  reticulated.  The  tingB  are  generally  at 
Hunt:  little  distance  apart. 

The  reliculaUd  secoDdary  lajera  xtMj  be  uniform  over  the  wall  oE 
lie  cell,  or  irregular  (fig.  540),  which  ia  more  frequent,  since  the 
ordioaiy  cause  of  the  i-eticulated  appeanuice  ia  the  formation  of 
t«rtical  connecting  bars  between  rings  or  spiral  coila  at  the  angles 
of  the  cells ;  when  this  occurs  very  regularly,  a  ladder-like  arrange- 
ment teaults,  giving  what  is  called  the  aealariform  atructure,  eepe- 
cially  frequent  in  the  vascular  strueture  of  JTeniH  (Sg.  541), 

Ilfr.  MI.  Rg.642, 
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TKKlt:  a,  i,  nlli  in  DOBtaut  with  njlla.    Uiga.  fOO  diun. 
ft-  U3.  Wood-sHlli  of  Cav ;  niiicti  btctiaa.    Umub.  3IXi  diun. 

Tlie  connectiiig  bars  of  the  reticulated  and  scalariform  cells  muat  not 
^  tuppoeed  to  originate  after  the  rings  or  Bpirala ;  tbey  are  contempc- 
rueously  developed;  and  the  diversities  in  the  eloseneea  of  the  coils  of 
(dk  are  likewise  original  peculiaritJes  of  the  deporits.  The  statement 
tbit  the  turns  of  spiral  coua  are  opened  by  loogitudinal  crowth  of  the 
prraary  membrane  to  which  they  aaheie  seems  to  be  founded  on  specu- 
utive  notions. 

The  spiml  structure  of  secondaij  deposits  is  benutifulTy  seen  in  the 
tlileia  of  Juiigermanaia  and  Matvhtintia,  in  the  cells  of  the  aerial  roots  of 
«[ophjtic  Orchids,  in  the  cells  of  the  wood  of  Cactaceie,  and  in  the  spiral 
i^steu  of  the  ve^  of  the  leaves  and  leaf-stalks  of  Monocotyledonous 
plants,  such  as  the  Hyacinth,  XarciMUS,  ^fiua  (which  presents  as  many 
•s  20  parallel  bands),  shoots  of  Elder,  leaf-stalks  of  garden  Bhuharb, 
'JDswbenies,  &c.,  hIso  in  the  petals  of  delicately  orgHtiized  flowers. 
.Annular  cella  are  well  seen  in  tne  Bpomnges  of  Marchimtia  and  other 
Uvemortd,  and  in  many  of  the  structures  just  mentioned  nith  spiral  and 
reticulated  cells. 

Scalariform  TisBiifl. — The  scalariform  marking  is  most  regular  in 
I'emg,  and  approaches  very  nearly  to  the  more  regular  Forms  of  the 
tliickening  above  described,  so  that  the  apiral'Gbrous  and  the  dotted 
forms  appear  as  tbe  extremes  of  an  analogous  kind  of  structure. 
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In  many  wood-cells,  especially  in  root-structurea,  the  reticulated  or 
scalariform  cells  have  the  meshes  so  small  that  they  become  in  fact  pitted 
cells. 

Tertiary  Layers. — In  some  cells  both  kinds  of  thickening  occur, 
BO  that  it  is  convenient  to  distinguish  tertiary  growths.  In  the 
wood-cells  of  the  Yew  (fig.  642),  of  the  Lime,  and  other  plants  the 
secondary  layers  are  pitted,  and  a  tertiary  growth  subsequently 
appears  in  the  form  of  a  spiral  fibre. 

The  nits  on  the  walls  of  contiguous  cells  correspond,  and  they  do  not 
generally  occur  opposite  intercelliSar  spaces,  or  on  the  outride  of  epidermal 
cells ;  hut  exceptions  occur  to  both  these  rules,  to  the  latter  especiaUj 
in  the  leaves  of  Ci/cas,  The  first  rule  has  much  influence  on  the  rnarldn? 
of  the  larffe  cells  forming  part  of  ducts,  whiqh  are  often  in  contact  with 
several  cefls,  one  above  another,  and  with  parenchyma-cells,  other  ducts, 
or  with  intercellular  spaces,  on  different  sides.  In  the  wood-cells  of 
Conifers,  the  peculiar  bordered  pits  occur  only  on  the  &.deB  parallel  to 
the  medullary  rays,  not  on  the  internal  and  external  walls. 

Cellulose,  ftc. — Cell-membranes,  including  the  secondary  layers, 
are  compost  of  the  substance  called  cellulose,  which  is  one  of  a  class 
of  organic  compounds  intimately  connected  as  regards  chemical 
constitution,  but  presenting  remarkable  physical  differences.  Of 
these  compounds  the  most  important  are : — sugar  and  dextrine, 
soluble  in  cold  water,  and  occurring  in  solution  in  the  cell-sap : 
starch,  insoluble  in  cold,  but  softening  and  swelling  into  a  mucilage 
in  boiling  water,  and  found  in  the  form  of  granules  in  the  ceU- 
contents ;  and  cellulose,  insoluble  in  cold  or  boiling  water,  alcohol 
or  ether,  obstinately  resisting  the 
action  of  alkaline  solutions,  but  soluble 
in  strong  sulphuric  acid,  and  forming 
the  permanent  solid  parts  of  vegetable 
structure.  This  cellulose  is  supposed 
to  be  derived  from  one  or  other  of  the 
materials  above  mentioned.     ' 

Cell-membranes,  originally  composed  of 
pure  cellulose,  undergo  changes  at  sub- 
sequent periods  which  alter,  in  a  marked 
manner,  their  behaviour  towards  chemical 
reagents ;  and  it  is  not  at  present  certainly 
ascertained  what  is  the  real  cause  of  the 
series  of  modifications  which  they  present. 
If  we  compare  the  membrane  of  a  nascent 
cell,  of  thick-walled  parenchyma,  the  solid 
and  often  dark-coloured  waUs  of  the  cells 
of  old  heart-wood,  of  liber-cells,  the  very 

resistant  membranes  of  corky  tissues,  and  the  layers  of  gelatinous  or 
cartilaginous  consistence  so  abundantly  developed  in  the  larger  Algse,  we 
meet  with  extremely  different  characteristics,  as  to  the  ezpUnatioii  of 


Fig.  543. 
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vhfdi  difiEbient  views  are  entertained.  On  the  one  hand  it  is  said  that 
the  celliilofle  produced  in  the  formation  of  the  original  membrane  or  layer 
of  thickening  becomes  gradually  converted  into  different  but  related 
chemical  compounds ;  on  the  other,  that  the  cellulose  layers  become  im- 
nregnated  by  foreisn  substances,  graduall^r  infused  into  them  from  the 
noid  contents,  such  substances  being  distinguished  bv  the  name  of  tit* 
enutmff  matters  (fig.  643).  A  third  view  is  that  of  Fr^my,  who  con- 
adeis  that  there  are  several  kinds  or  modifications  of  cellulose,  and,  more- 
over, that  those  veffetable  structures  formerly  considered  to  be  made 
ap  exclnaively  of  cellulose  contain  matters  of  a  different  chemical  com- 
position. 

Action  of  Beagents  on  Cellulose. — Cellulose,  as  found  in  the  oiganized 
condition  of  cell-membrane,  appears  to  behave  somewhat  differently  to 
chemical  reagents  according  to  the  state  of  aggregation  of  its  particles 
(that  is  to  say,  its  density) ;  for  nascent  cell-membranes  ^ill  m  many 
cases  assume  a  violet  or  even  a  blue  colour  when  treated  with  a  strong 
Nation  of  iodine  and  washed  with  water,  like  starch.  The  same  is  the 
case  with  some  of  the  semigelatinous  layers  of  thickening  met  with  in  the 
etidosperm  or  cotyledons  of  certain  seeds  (called  amyloia),  and,  moreover, 
in  the  cell-etructures  generally  which  have  been  treated  in  the  way  de- 
dciibed  below,  to  remove  the  so-called  *^  incrusting  matters."  But.  as  a 
geoeral  rule,  cellulose  does  not  take  a  blue  colour  with  aqueous  solution 
of  iodine,  unless  some  other  agent,  especially  sulphuric  acid,  be  applied  at 
the  same  time.  A  solution  of  iodine  in  zinc  cnloride  brin^  out  a  blue 
ci^lour  in  fully  developed  cell-membranes,  still  more  reaculy  than  the 
sulphuric  add  with  iomne.  These  rea^nts  readily  affect  newl^  formed 
tissues  in  general ;  and  the  more  dehcate  kinds  of  cellular  tissues  are 
permanently  sensitive  to  them.  But  after  a  time  the  thicker  cell- 
membranes,  and  especially  those  of  woody  tissues,  the  cartilaginous 
structures,  and  the  tissue  of  epidermis  and  bark,  no  longer  become  blue, 
hd  only  yellow  or  brown,  with  the  above  reagents ;  and  it  is  the  real 
cause  of  this  alteration  which  is  the  subject  of  the  difference  of  opinion 
above  referred  to.  Anilin  and  sulphuric  add  stain  the  lignifiea  cells 
yellow  •. 

By  maceration  for  several  hours,  or  boiling  for  a  minute  or  two,  in  nitric 
icid  for  woody  and  cartilaginous  tissues  or  in  strong  solution  of  potash  for 
epidermal  and  corky  tissues,  bringing  the  cells  to  a  point  where  they  stiU 
exhibit  all  their  structure,  but  are  bleached  and  softened,  then  washing 

*  The  iodide  solution  consists  of  1  grain  of  iodine,  3  grains  of  potassio 
iodide,  and  1  onnce  of  distilled  water.  The  sulphuric  acid  is  of  the  strength 
of  three  parts  add  to  one  of  water.  The  preparation  to  be  examined  is  mrst 
moiafteiiea  with  a  drop  of  the  iodine  solution,  which  is  then  wiped  off  with  a 
brash  or  piece  of  blotting-paper,  and  a  drop  of  the  acid  is  then  plaoed  on  the 
preparation,  which  is  ooveAd  with  thin  glass  in  the  usual  way.  Schulze's  solu- 
tion is  made  by  dissolving  an  excess  of  metallic  zinc  in  strone  hydrochloric 
acid,  allowing  the  solution  to  evaporate  over  a  spirit-lamp  to  the  oonsistenoe 
of  syrup,  the  zinc  being  kept  constantly  added  if  necessary.  To  the  now 
colourisM  syrup  is  added  as  much  potassio  iodide  as  it  will  take  up.  The  ad- 
▼tntage  of  Sohulze's  solution  is  that  it  does  not  destroy  the  tissues,  acts  more 
ipeeduy,  and  is  leas  ii^urious  to  the  microscope  should  it  happen  to  come  into 
ooataet  with  iU 
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them  with  water  and  applyioff  iodine,  a  hlue  colour  is  produced  like 
that  appearing  in  nascent  celluk>fie  or  in  tolerably  new  tissuee  under  the 
influence  of  sulphuric  acid. 

It  remains  to  be  ascertained  whether  these  processes  alter  the  com- 
position of  the  cell-membranes,  or  merely  remove  infiltrated  matters  of 
nitrogenous  composition.  The  latter  view  is  supported  by  the  fact  that, 
in  imperfectly  prepared  objects,  some  of  the  more  resisting  layers  appear 
green,  which  would  seem  to  result  from  an  optical  combuiation  of  the 
blue  of  the  cellulose  with  the  yellow  of  an  infiltrated  matter.  At  the 
same  time  it  must  be  noticed  that  the  cellulose  is  brought  into  a  condition 
approaching  that  of  starch,  only  normal  in  nascent  membranes  and  in  the 
semisolid  deposits  of  ''amyloid''  above  mentioned.  Fr6my,  as  above 
stated,  consiaers  that  there  are  other  substances  besides  cellulose  entering 
into  the  composition  of  vegetable  cell-waUs.  True  celltdose  forms  the 
cell-wall  of  the  cellular  tissue  of  bark,  fruits,  roots,  &c.,  and  is  soluble  in 
ammoniacal  copper  oxide,  made  by  dissolving  copper  filings  in  caustic 
ammonia.  ParacelltUose  is  found  in  the  cells  of  the  pith,  t£e  epidermic, 
the  medullary  rays,  &c. ;  it  is  soluble  in  the  copper  solution,  but  only 
after  special  treatment.  I^ose  is  the  constituent  of  the  wood-cells,  and 
is  insoluble  in  the  copper  solution,  except  after  special  treatment,  but 
soluble  in  strong  sulphuric  acid.  Vascuiose,  the  substance  of  which  vessels 
are  formed,  is  insoluble  in  hydrochloric  and  sulphuric  acids  and  in  the 
copper  solutions,  but  soluble  in  boiling  caustic  potash.  It  is  coloured  by 
aniun  with  a  litde  sulphuric  acid. 

Inorganic  Constitaents. — Cell-membrane  in  most  cases  contains 
a  certain  amount  of  inorganic  matter ;  but  this  is  probably  attribu- 
table in  general  to  its  being  saturated  with  the  watery  cell-sap,  in 
which  various  salts  exist  in  solution.  In  particular  cases,  however, 
there  is  a  special  deposition  of  inorganic  substance  in  the  walls  of 
cells — as,  for  instance,  in  the  Grasses  and  the  EquisetacesB,  and 
the  Cane-Palms  {Calamus)^  where  the  epidermal  structures  are  so 
loaded  with  nlex  that  they  not  only  acquire  a  hard  texture,  render- 
ing them  harsh  to  the  touch,  but,  when  the  organic  matter  is  de- 
stroyed by  burning,  a  complete  skeleton  of  the  tissue  remains, 
entirely  formed  of  silex.  The  siliceous  coata  of  the  IHatom^ 
afford  another  striking  example. 

It  is  not  yet  clearly  made  out  whether  the  silex  is  here  deposited  in  a 
layer  upon  the  cell-membrane,  or  interpenetrates  its  substance ;  but  the 
latter  is  probably  the  real  state  of  the  case.  The  pericarp  of  some  plants, 
as  Lithogpermum^  contains  lime,  in  what  form  it  is  not  certain ;  but  the 
calcium  carbonate  incrustin^  the  cells  of  many  species  of  Chara  is  dearlj 
a  mechanical  deposit  upon  the  outside  of  the  membrane. 

The  membranous  wall  of  the  vegetable  cell  is  for  the  most  part 
a  permanent  structure :  forming  the  **  skeleton "  of  plants,  ti 
usually  remains  entire  until  the  decay  or  destruction  of  the 
organism  in  which  it  exists.  It  is,  as  previously  stated,  in  some 
cases  subjected  to  periodical  variations  in  thickness,  accord- 
ing to  season.      Frequently  it  becomes  absorbed  or  dissolved, 
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DltiiD&t«ly  at  particular  pointa,  as  at  the  contiguous  end-surfaces 
of  those  Delia  which  become  fused  together  to  form  vessels  or 
darts ;  and  in  the  case  of  the  layer  closing  the  outer  ends  of  the 
nnals  of  the  pits  or  wood-cella,  a  similar  destruction  of  the 
primary  membrane  seems  to  occur.  A  phenomenon  of  this  kind  is 
distinctly  presented  in  the  large  spiral-fibrous  cells  of  Sphagnum 
iGg,  544),  where  the  walls  of  old  cells  are  found  perforated  by 
ivgB  round  onfices,  produced  by  the  separation  of  circular  pieces 
of  the  cell-\ral].  and  in  the  cells  of  the  leaves  of  Leufohryum 
jiotttum  (fig,  545).     In  the  ceUs  of  the  Confervoids  producing  wo- 

Fig.  644. 

I^p.646. 
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spores,  the  wall  breaka  open  at  definite  places  to  allow  these  to 
escape,  exhibiting  siuall  lateral  or  terminal  orifices  in  Confifrva 
i&Z.  512,  C,  d)  &c.,  or  breaking  quite  across  by  a  circular  slit  in 
(Bdojonium,  In  this  last  genus  the  cell-wall  breaks  across  in  tho 
same  way  in  cell-division,  to  aUow  the  new  cells  to  expand ;  and  in 
one  of  the  PalmdUte  (Schixocklamyt)  the  wall  of  the  parent  ceil 
aplitfl  off  in  segments  every  time  a  new  generation  of  cells  is 
formed.  In  the  case  of  the  clathrate  cells  and  sieve  disks  pre- 
viously mentioned,  the  bounding  membrane  ultimately  becomes 
obliterated  so  as  to  allow  of  the  passage  of  the  protoplasmic  con- 
tents of  one  cell  into  the  cavity  of  the  adjoining  eel!.  If  a  radial 
section  he  made  of  a  latticed  cell  in  the  stem  of  a  Vegetable  Marrow 
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and  treated  with  iodine  and  sulphuric  acid,  the  cellulose  becomes 
stained  blue,  the  protoplasm  yellow,  and  threads  of  the  latter  maj 
be  seen  passing  from  one  cell  to  the  other. 

In  the  formation  of  the  ultimately  free  cells  composing  pollen-gTtdns 
and  of  the  spores  of  the  higher  Cryptoffamia,  the  cells  are  liberated  from 
the  parent  cells  by  solution  of  the' -wall  of  the  latter.  The  outer  layers 
of  the  cell-wall  indeed  often  assimie  a  different  appearance  from  the  inner 
ones ;  and,  as  in  the  case  of  the  pollen-tube,  the  outer  coat  dies  and  splits 
as  the  inner  coat  grows  into  a  tube.  A  still  more  curious  phenomenon 
occurs  in  the  process  of  confugation,  where  two  cells  coalesce  oy  complete 
union  of  their  walls.  The  last  cases  appear  related  in  some  degree  to  the 
ori^n  of  the  gelatinous  coats  of  the  PalmelletB  and  other  ConferToids, 
which  are  probably  produced  by  the  disintegration  of  the  waUs  of  parent 
cells,  which  become  softened  and  swell  up  as  the  new  generations  of  celb 
are  formed  in  their  interior. 

Contents  of  the  Cell. — The  solid  cellulose  stmctores  fonniog 
the  persistent  mass  of  vegetable  tissues  may  be  regarded  as  a 
skeleton  or  framework;  for  the  vital  and  chemical  phenomena 
exhibited  by  plants  all  depend,  in  the  first  instance,  upon  operations 
which  have  their  seat  in  the  interior  of  the  cells.  The  careful 
investigation  of  the  cell-contents  is  consequently  of  primary  im- 
portance in  the  study  of  Vegetable  Physiology. 

The  fundamental  importance  of  the  matters  within  the  cell  is  not  only 
demonstrated  by  what  we  are  enabled  to  observe  taking  place  in  the  in- 
terior of  living  cells,  but,  in  certain  of  the  lower  plants,  the  vitalized  con- 
tents actually  emerge  from  their  confinement  in  the  shell  of  cellulose  fas  in 
the  case  of  the  so-called  zooepores),  move,  perform  all  the  functions  of  plant- 
life,  and  exhibit  in  the  course  of  their  subsequent  conversion  into  closed 
motionless  cells  exactly  the  same  power  to  form  new  cell-membrane  as 
takes  place  in  ordinary  cell-formation. 

CeU-Bap.  Ac. — The  contents  of  the  cell  are  partly  more  or  less  solid, 
partly  ilnid.  When  substances  exist  dissolved  in  the  cell-sap,  they 
are  frequently  out  of  the  reach  of  microscopic  observation,  on  account  of 
the  minute  quantities  in  which  they  exist,  or  from  the  want  of  suitable 
reaffents  to  ascertain  their  presence ;  among  these  are  the  vegetable  alka- 
loids and  similar  products.  The  sugar,  dextrine,  mineral  salts,  &c.  dis^ 
solved  in  the  watery  cell-sap  do  not  readily  admit  of  examination  in  this 
way.  The  fluid  colouring-matters,  essential  or  fixed  oils,  resins,  &c,  on 
the  contrary,  are  readily  observed,  on  account  of  their  distinct  physicd 
and  chemical  character.  This  is  still  more  the  case  with  mineral  or 
orpranic  salts  which  are  sufficiently  abundant  to  crystallize  in  the  cell. 

But  by  far  the  most  important  of  the  contents  of  cells  are  certain 
organized  structuree  which  are  regularly  met  with  in  the  cell-contents, 
either  universally  or,  with  certain  definite  exceptions,  at  particular  epochs 
of  the  life  of  cells.  These  are  the  protoplasm^  tne  mtcleus,  and  chlorophtfil- 
corpusdrs,  which  are  albuminous  or  proteinaceousin  their  character^  while 
others  are  destitute  of  nitrogen,  such  as  the  ttarchrgranulcs. 
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Transreno  section  of  oell  of  Jung9rmaiu%ia  Tayhri:  a, 
the  primordial  utricle  contracted  firom  the  action  of 
aloohoL    Magn.  500  diam. 


Protoplasm.  —  In    all  Kg.  546. 

Toimg  growing  cells  we 
meet  with  a  tough  muci- 
lai^inous  semifluid  sub- 
stance, colourless  or  with 
a  vellow  tinge,  and  fre- 
quently of  more  or  less 
granular  character,  which 
mcre^ies  with  the  age  of 
tbe  cell.  This  substance 
is  called  the  protoplasm. 

The  sperm  or  elementary 
units  (male)  and  the  cor- 
r -ponding  initial  germ^,  or 
f»ai&Ie  organs,  are  fragments 
*^f  naked  protoplasm.  The 
Mvxomycetouf*  Fungi  aie 
T-ry  remarkable.  They 
rn-iQ^^t  of  masses  of  proto- 
'S,j&m,  called  plasmodutj  uncovered  by  cell-membrane,  and  which  move 
W  creeping  over  the  substance  on  which  they  grow,  show  currents  in 
their  interior,  and  ultimately  form  reproductive  bodies,  covered  with  a 
cfD-wall  formed  from  their  own  substance  (see  p.  470).  Latterly  Mr. 
Fr^mcia  Darwin  has  shown  that  protoplasmic  filaments  may  be  ejected 
tud  retracted  from  the  cells  of  the  leaf  of  the  common  Teazel. 

Ecto-  sad  Endoplasm. — The  protoplasm  generally  presents  a  division  into 
two  layers — the  outer  a  hyaline  film  in  contact  with  the  coil-wall,  and 
wl'ed  the  edopUunn,  the  other  of  a  granular  character,  termed  the  endo- 
pioftn.  The  ectopUmn  or  primordial  tUricle  is  the  outer  film  of  the  pro- 
toDla?m,  from  which  it  differs  in  its  greater  density  and  different  mole- 
cmar  structure).  It  may  be  seen  by  soaking  the  tissue  in  acetic  acid, 
i^  coloured  yellow  by  iodine,  and  is  applied  intimately  to  the  inner 
>urface  of  the  cell-membrane  of  young  cells,  persisting  in  the  cells  of 
tissues  which  are  concerned  in  the  reproduction  of  cells  or  the  perfor- 
mance of  the  functions  of  assimilation,  &c.,  but  disappearing  at  a  com- 
paratively early  period  in  cells  which  acquire  fibrous  or  pitted  woody 
secondary  layers. 

The  edopiasm^  lining  the  entire  wall  of  the  cell,  forms  a  kind  of  mc  ;  but 
it  is  not  a  membrane  m  the  same  sense  as  the  proper  cell-wall,  since, 
although  it  presents  a  certain  cohesion  and  resistance  to  the  penetration 
of  water,  it  is  not  merely  flexible,  but  ductile ,  and  capable  oi  moulding 
it«elf  into  new  external  forms,  the  sac,  in  cell-division,  becoming  con- 
stricted into  two  or  more  portions  without  wrinkling.  When  the  zoo- 
spores, of  the  Algae  escape  from  the  parent  cell,  the  primordial  utricle 
forms  the  external  boundary  of  the  structure  of  the  zoospore,  which  has  a 
d^Ooite  form  in  each  case.  The  ectoplasm  presents  a  radial  striation, 
Tendered  more  evident  bv  the  action  ofosmic  acid.  According  to  Stras- 
burger  it  consists  of  small  rods  of  relatively  dense  substance,  with  the  in- 
tPirenin^  spaces  filled  with  ccU-sap  or  watery  protoplasm.  The  cUia  of 
zoospores,  which  are  extremely  fine  vibratile  threads,  are  productions 
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from  the  rods.  The  cellulose  coat  of  the  cell  is  secreted  b;^  the  ectoplasm. 
The  molecular  structure  of  protoplasm  is  probably  varied  in  ditferent 
'  cases.  The  investigation  of  this  obscure  subject  is  of  immense  impjort- 
ance,  as  the  functions  of  life  seem  to  depend  on  the  activity  and  behaviour 
of  the  molecules  of  protoplasm.  They  have  been  recently  called  pUuti- 
dales,  and,  unlike  the  mofecules  of  the  cell-coat,  are  not  crystalline. 

The  protoplasm  is  not  always  readily  discoverable  in  living  cells,  on 
account  of  its  close  apposition  to  the  cell- wall,  but  it  may  be  detected  hy 
the  application  of  a  weak  solution  of  iodine,  which  colours  it  brown,  and 
soon  causes  it  to  contract  and  separate  from  the  cell-membrane  (fig.  546). 
The  contraction  is  disadvantageous  in  some  cases,  if  it  go  very  far,  as  the 
layer  becomes  applied  upon  the  inner  cell-contents.  The  structure  is 
very  well  seen  by  placing  portions  of  the  green  tissue  of  leaves,  &c. 
(which  retain  the  primordial  utricle  after  acquiring  their  fuU  size),  of  the 
pulp  of  fruits,  the  leaves  of  Mosses  or  Liverworts  (fig.  646),  or  the  fils- 
ments  of  Confervoids,  in  alcohol,  or  treating  them  with  dilute  nitric  or 
hydrochloric  acid.  The  primordial  utricle  then  separates  from  the  cell- 
wall  without  becoming  much  discoloured.  The  chemical  properties  of 
protoplasm  indicate  its  afiinity  to  albuminoid  substances.  It  is,  moreover, 
mixeci  with  oily  substances  and  inorganic  or  incombustible  matezials. 

Vacxioles,  ftc. — In  young  cells,  such  as  those  in  the  cambium- 
layer  of  stems,  in  the  growing  parts  of  leaves,  &c.,  the  protoplasm 
nearly  fills  up  the  cavity,  or  at  all  events  occupies  all  the  space  not 
filled  by  the  nucleus.  By  degrees,  as  the  cell  expands,  spaces  called 
vacuoles  make  their  appearance  in  the  protoplasm,  filled  with 
watery  cell-sap  (fig.  547);  they  may  be  regarded  as  drops  of 
watery  fluid  surrounded  by  protoplasm,  which  latter  is  thus  trans- 
formed into  a  kind  of  froth,  which  is  often  finally  displaced  so 
entirely  by  the  cell-sap  that  it  forms  merely  a  layer  applied  against 
the  primordial  utricle.  In  many  zoospores  these  vacuoles  are  seen 
to  contract  and  expand,  probably  from  the  varying  contractility  or 
degree  of  turgescence  of  the  surrounding  protoplasm.  These 
movements  are  identical  with  similar  phenomena  witnessed  in  Pro- 
tozoa, and  are  the  first  indications  of  a  respiratory  or  circulatory 
system. 

Movements  in  the  protoplasm,  rendered  evident  by  the  movement  of 
the  granules  floating  in  it,  occur  in  many  plants,  probably  in  all,  and  are 
attributed  by  some  to  contractility  of  the  protoplasm,  ly  others  to  alter- 
nate turgescence  and  emptying  of  certain  portions  of  the  protoplaam. 
They  are  strictlj  analogous  to  the  movements  seen  in  Aniasba  and  other 
similar  low  animal  organisms.  The  protoplasm  is  said  to  be  chambered 
when  the  cell-sap  is  traversed  by  several  anastomosing  plates  of  protoplaan. 

NncleuB. — In  the  protoplasm  of  most  young  cells,  and  persistent 
through  life  in  the  parenchymatous  structure  of  some  plants,  as  of 
the  Orchidaceae,  occurs  the  globular  or  lenticular  body  called  the 
nucleus  of  the  cell,  or  cytohlast  (figs.  547,  w»  &  548),  discovered  by 
Bauer,  and  first  investigated  by  Robert  Brown.  This  appears  to 
be  a  mass  of  substance  identical  with  protoplasm,  and  it  mostly 
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presents  the  appearance  of  a  central  cavity  or  vacuole  containing 
«xie  or  more  small  granules  called  nucleoli. 


Tig.  547. 


Fig.  648. 
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^  $47.  Upper  end  of  a  yomig  hair  of  the  stamen  of  7Srade»oanHa,  showing  the  cells  in 

Tarious  stages  of  deTelopmnnt :  n, »,  nnolei.    Magn.  400  diam. 
I^.  HS.  Cell  with  a  nnolens,  from  tae  stem  of  Orckit  mateula.    Magn.  400  diam. 

The  nudeus  is  not  usuallv  found  in  Fungi  or  Lichens ;  and  many  Alge 
ue  likewise  unprovided  with  it. 

KovementB  of  the  Nucleus,  ftc. — ^The  nucleus  probably  originally 
occupies  the  centre  of  all  nascent  cells  where  it  exists,  the  inter- 
space between  it  and  the  primordial  utricle  being  filled  up  by  pro- 
^plasm.  When  the  vacuolar  displacement  of  the  latter  by  watery 
cell-sap  takes  place,  the  nucleus,  if  persistent,  is  usually  carried  to 
one  side  of  the  cell,  and  comes  into  contact  with  the  inner  boundary 
of  the  primordial  utricle.  Sometimes,  however,  it  remains  sus- 
pended in  the  centre  of  the  ceU  by  cords  of  tough  protoplasm, 
stret4!hed  from  a  layer  of  protoplasm  coating  the  nucleus  to  that 
which  lies  upon  the  primordial  utricle.  The  cords  of  protoplasm 
luting  from  the  nucleus  are  the  persistent  boundaries  of  the 
yacaolar  spaces  of  the  "  honeycombed  "  protoplasm.  The  nucleus 
itself,  according  to  Hanstein,  is  dragged  out  of  shape,  as  it  were, 
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by  the  contraction  of  the  protoplasmic  threads  attached  to  it,  and, 
moreover,  itself  undergoes,  in  some  cases,  changes  of  form  ana- 
logous to  those  manifested  by  Amothm,  (See  under  Myxomycetes, 
p.  471.) 

The  gradual  vacuolation  of  the  protoplasm  and  the  transfer  of  the  nu- 
cleus to  the  side  of  the  cell  may  be  well  seen  in  the  hairs  of  the  stamens 
of  Tradesoantia  (fig.  647).  In  l^rogyra  and  Zygfiema  the  nucleus  re- 
mains always  suspended  in  the  middle  of  the  ceU  by  the  protoplasmic 
cords.  The  ultimately  parietal  nucleus  of  the  hairs  of  Tyadescantia  ex- 
hibits radiating  coids,  tne  protoplasm  here  being  in  process  o^dworption. 
In  VaUisneria  and  in  (Edogonium  and  other  uon&rvoids,  the  nucleus 
becomes  imbedded  in  the  continuous  parietal  layer  of  protoplasm  whicii 
lies  upon  the  primordial  utricle.  The  nucleus  has  the  property  of  break- 
ing up  and,  as  it  were,  disappearing  for  a  time,  to  reappear  in  the  form  of 
two  or  more  new  nuclei  of  larger  size  than  the  original  nucleus.  This 
process  occurs  in  the  formation  of  the  pollen  in  the  embryo-sac  of  Fbane- 
rogamous  plants,  &c.  The  nucleus  is  sometimes,  according  to  Gohn,  in- 
Tested  with  a  layer  of  starch,  and  is  coloured  by  carmine  solution,  which 
leaves  the  amylaceous  envelope  unstained. 

ChlorophylL — In  all  parts  of  plants  which  have  f^.  549. 

a  green  colour  we  find  the  c«ll  containing  in  its 
cavity  strnctores  quite  distinct  from  the  cell-wall 
and  from  the  primordial  utricle,  in  which  the  green 
colouring-matter  resides.  The  ordinary  form  of 
these  is  that  of  globular  or  spheroidal  corpuscles, 
which  appear  in  greater  number  and  of  darker 
green  colour  in  proportion  to  the  intensity  of  solar 
light  to  which  the  tissue  may  be  exposed.  In  a 
few  cases  the  green  colouring-matter  is  found  in 
the  form  of  annular  or  spiral  bands  {Draparnmldia^ 
Spirogyra^  fig.  549),  or  of  reticulated  cords  (Clado- 
phora\  of  mucilaginous  consistence,  adhering  to 
the  inside  of  the  primordial  utricle.  In  some  Con- 
fervsB  the  green  colouring-matter  appears  diffused 
through  a  portion  of  the  protoplasm  in  the  form  of 
very  minute  granules.  In  many  unicellular  Alg», 
in  the  Algoid  gonidia  of  Lichens,  &c.,  the  green 
colouring-matter  ia  uniformly  distributed  through- 
out the  cell,  and  is  not  separable  from  the  rest  of 
the  protoplasm. 

The  ChlorophyU-eorpuseles  are  of  soft  consistence ; 
and  their  colour  is  extracted  by  ether,  alcohol,  and 
various  adds.  They  consist  of  protoplasmic  colour- 
less substance  mixed  with  colouring-matter.  The 
former  may  exist  by  itself  unmixed  ;  but  the  colour- 
ing-matter is  never  found  separate  in  nature.      They  appear 
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usually  solid  and  homogeneous  when  young ;  subsequently  they 
often  contain  starch-granules  in  the  interior,  and  not  unfrequently 
they  become  vacuolated  like  protoplasm  when  exposed  to  the  direct 
action  of  water. 

Fremy  states  that  the  green  colour  of  chlorophyll  is  due  to  an 
admixture  of  two  substances,  one  yellow  and  the  other  blue,  called 
T^^eedyelj  phyUaxanihine  and  phyUocifanine ;  but  others  think  that 
the  blue  aubetance  is  a  modification  of  the  yellow,  brought  about 
h?  the  agency  of  the  acids.  Our  chemical  knowledge  of.  chloro- 
phyll, however,  is  at  present  incomplete.  Sorby  states  that  chlo- 
rophyll exists  in  a  blue  and  in  a  yellow  state.  Blue  chlorophyll 
when  dissolved  in  alcohol,  is  of  a  splendid  blue-green  colour,  the 
vhole  of  the  green  part  of  the  spectrum  and  part  of  the  blue 
udng  readily  transmitted.  Yellow  chlorophyll  absorbs  the  whole 
of  the  blue  and  the  blue  end  of  the  green,  so  that  the  colour  is  a 
bright  yellow-green.  Ohlorofueine  is  of  a  clear  yellow-green  colour^ 
f  uorescent  like  the  two  preceding.  These  three  varieties  of  chloro- 
phyll are  insoluble  in  water,  soluble  in  absolute  alcohol,  but  not 
alM^aysin  carbon-bisulphide.  Other  colouring-matters,  with  different 
optioil  properties  and  soluble  in  carbon  bisulphide,  are  described 
b?  Sorby. 

The  chlorophyll-corpuscles  are  probably  formed  from  the  protoplasm 
of  the  cell  breaking  up  into  distinct  globular  corpuscles,  or  custributing 
itself  according  to  patterns,  as  above  indicated,  upon  the  cell-waU.  When 
newly  formed,  in  young  cells,  they  are  almost  colourless,  and  appear  in 
the  Ticinity  of  the  nudeus  and  in  tne  layers  or  streaks  of  protoplasm ;  and 
▼e  not  unfrequently  meet  with  protoplasmic  corpuscles  which  differ  firom 
ehloTophyll-corpuflcles  only  in  the  absence  of  the  green  colour. 

DeTetopmoit  of  ChloroiiliyU. — The  development  of  chlorophyll  takes 
place  thus : — In  the  young  cell  the  protoplasm  is  colourless  and  disposed 
:d  a  thick  layer  around  the  inner  wall  of  the  cell ;  in  this  appears  mrst  a 
;eDow  colouring-matter;  and  then  the  inner  portion  of  this  protoplasm 
gradually  splits  up  into  polygonal  portions,  each  of  which  becomes  a  grain 
of  chlorophylL  In  other  caRes  the  chlorophyll  is  formed  in  a  layer  of  pro- 
toplasm surrounding  the  nucleus.  Vacuoles  are  formed  in  it,  and  break  up 
the  Mibetance  of  the  protoplasm  into  granulea  In  this  latter  case  more 
incolomed  protoplasm  is  left  after  the  formation  of  the  chlorophyll  than 
in  the  preceding  case. 

Decay  of  OblorophyU. — The  destruction  or  decay  of  chlorophyll  shows 
hself  fiiBt  in  the  chamre  of  colour  from  ^en  to  yellow  or  orange,  or,  in 
the  case  of  the  spores  of  Algte,  to  red.  This  red  colour  is  supposed  to  be  due 
to  oxidation,  assumed  at  the  time  when  the  spores  come  to  rest  |  when 
active  vegetation  again  commences,  the  green  colour  is  restored.  In  the 
esse  of  leayes  at  the  fisdl,  the  mins  of  chlorophyll  diminish,  then  disappear 
and  ffive  place  to  highly  refracting  granules  of  an  orange  colour,  which 
are  toe  remnants  of  the  oisorganizea  chlorophyU,  and  to  whidi  the  colour 
of  leaves  in  autumn  is  due  (see  p.  640).  While  these  processes  are  goiiur  on, 
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the  Btarch  and  the  protoplasm  are  dissolTed  and  stored  away  in  the  pema- 
nent  tissues.  In  plants  kept  in  the  dark  Gris  noticed  that  the  chlorophyll- 
grains  slowly  and  graduallj  hecome  smaller,  lose  their  starch  and  their 
colour,  till  at  length  nothing  but  a  number  of  minute  amorphous  granule? 
remains.  Some  plants,  such  as  SelagineUa^  some  Ferns,  &c.y  resist  the 
deprivation  of  lignt  much  more  than  others ;  but  in  the  cam  of  quickly 
growing  plants,  two  or  three  days'  obscurity  suffice  to  disorganixe  the 
chloropnyll. 

Action  of  Reagents  on  Nltrogenoiia  Contents. — ^The  protoplasm^  the  nu- 
cleus, and  the  chlorophyll-granules  are  all  substances  contaming  nitrogen 
and  closely  allied  to  aloumen ;  they  are  more  or  less  coagulable  by  heat, 
alcohol,  and  acids,  and  soluble  in  caustic  potash.  The  principal  testa  are 
the  following,  though  it  must  be  rememoered  that  their  action  is  masked 
l^  the  colouring-matters  of  the  cell,  and  that  they  are  not  in  all  cases 
manifested  in  living,  but  only  in  dead  cells : — lodune  gives  a  brown  or 
yellowish  tinge  to  these  structures ;  anunoniacal  solution  of  carmine  tinges 
them  pink.  When  treated  with  nitric  acid,  and  subsequently  with  am- 
monia, a  yellow  tint  is  formed,  indicating  the  presence  of  xantho-protein ; 
when  soaked  in  a  solution  of  copper  sulphate  and  afterwards  treated  with 
potash,  a  violet  colour  is  produced  in  the  protoplasm  and  chlorophyll; 
out  this  has  not  been  observed  in  the  case  of  the  nucleus.  It  must  be 
remembered  that  the  solubility  of  protoplasm  in  acids  and  alkalies  depends 
not  only  on  the  strength  of  the  solvent,  but  also  on  the  condition  of  the 
substance  at  the  time  of  the  experiment 

Alenrone  exists  in  many  seeds  in  the  form  of  roundish  co- 
lourless granules  pitted  on  the  surface,  or  even  presenting  facets 
like  those  of  crystals.     The  granules  occur  between  the  starch- 
grains,  or,  in  the  case  of  oily  seeds,  in  large  roundish  or  angular 
masses.     They  are,  for  the  most  part,  about  equal  in  size ;  but  here 
and  there  one  occurs  much  larger  than  the  rest,  and  which  is 
remarkable  for  the  rapidity  with  which  it  dissolves  in  water ;  hence 
it  escapes  observation  under  the  microscope  when  the  tissues  are 
examined,  as  they  usually  are,  in  water.  Aleurone  or  proteinr-graxns^ 
as  they  are  sometimes  called,  are  insoluble  in  ether,  alcohol,  and  oil ; 
hence,  in  order  to  see  the  aleurone,  the  following  process  is 
adopted: — Thin  slices  of  almonds  or  other  seeds  are  soaked  in 
olive-oil,  the  oil  is  subsequently  filtered  and  allowed  to  stand. 
Some  hours  subsequently  a  white  powder  is  precipitated ;  this  is 
removed  from  the  oil  by  filtration,  and  washed  in  ether  or  alcohol, 
so  as  to  remove  the  oil ;  it  is  then  allowed  to  dry,  and  the  resulting 
powder  is  pure  aleurone.     Aleurone-grains  often   contain,  im- 
bedded within  their  substance,  crystals  of  calcium  oxalate,  or  glo- 
bose masses  of  magnesium  phosphate.   Aleurone  is  coloured  brown 
by  iodine,  and  the  inner  portions  of  the  grain  assume  a  brick-red 
colour  after  soaking  for  some  minutes  in  a  solution  of  mercoric 
nitrate ;  hence  it  is  considered  to  be  of  albuminoid  nature,  and  to 
be  of  service  in  providing  nutriment  for  the  developing  embi^o. 
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The  nature,  mode  of  formation,  and  chemical  history  of  this  sub- 
stance all  stand  in  need  of  further  investigation. 

GrystalloidB. — Masses  of  proteinaceous  substance  of  a  crystalline 
form,  but  differing  chemicallj  from  true  crystals,  occur  imbedded 
in  the  protoplasm  of  many  plants,  especially  of  such  as  are  in  a 
dormant  condition,  as  beneath  the  rind  of  the  tuber  of  the  Potato. 
Their  function  seems  to  be  to  act  as  a  reserve  of  nourishment  to 
be  used  when  growth  becomes  active.  Similar  crystalloids  have 
been  seen  in  many  Bed  Seaweeds. 

Starch. — Starch-granules  appear  to  occur  throughout  every  class 
of  plants  except  the  Fungi,  and  are  perhaps  most  frequently  of 
globular  form  when  young ;  but  when  they  acquire  any  consider* 
able  size  their  form  usually  diverges  from  this,  and  presents  very 
remarkable  varieties,  often  attributable  to  the  conditions  in  which 
tbey  grow.  Full-grown  starch-granules  are  not  homogeneous,  but 
marked  with  striae  indicating  the  concentric  lamin®  of  which  they 
are  composed.  These  laminse  are  alternately  of  denser  and  softer 
consistence,  and  surround  a  commonly  more  or  less  excentric  point, 
usually  of  very  small  size  (fig.  550),  which  often  appears  solid  when 
the  starch-granule  is  fresh,  but  which  forms  a  minute  cavity,  fre- 
quently running  out  into  a  few  radiating  cracks,  when  the  starch- 
granules  are  dry. 

The  granules  occur  either  singly  or  collected  in  masses  of  definite 
i^hape,  forming  compound  granules  (Jig,  551) ;  very  often  they  exist 


Fi^.  550. 
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Fig.  fifiO.  Staroh-gnnoles  of  Potato.    Mikb.  400  diam. 

l^K-SSL  Compowid  itarch-granulea:  a,  a  doable  srannle  from  the  Potato;  b,  grouped 
ipnanalea  and  two  fragments  from  the  rhisome  of  ^vm  vMeulaiwn.    Hagn. 


in  the  interior  of  chlorophyll-corpuscles  or  bands,  or  imbedded  in 
tbe  protoplasm  lining  the  cell-wall.  In  certain  tissues  they  fill  the 
<a>ity  of  the  full-grown  cell,  and  in  some  cases  so  densely  that  they 
become  moulded  into  polygonal  forms  by  mutual  pressure. 
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starch -granules  are  eommonl.T  nnaffected  by  cold  watcir;  but 
when  crushed,  the  inner  layers  will  sometinies  absorb  it  and  avell 
up.  Boiling  \rater  causes  them  to  swell  up  into  a  jelly,  losiug  ali 
trace  of  their  lamin&ted  structure — as  do  also  diluted  sulphuric  vid 
and  solution  of  potash. 

Iodine  colours  Btarcb-granules  violet,  indigo-blue,  or  dwp 
blockish  blue,  in  proportion  to  the  degree  of  concentration  in 
which  it  is  employed.  By  means  of  dilut«  sulphuric  acid,  xtarrh 
may  be  converted'  into  deitrine  and  glucose.  Modem  reeearches 
have  shown  that  starch  consists  of  two  substances  intimately  com- 
bined, one  of  which,  granuloM,  is  more  soluble  in  saliva  than  the 
other,  Cfllulote ;  and  the  action  of  iodine  is  also  different  in  th'< 
two  cases. 

Mode  of  tomutton.— Great  discussion  hoe  taken  place  nf  late yaara  w  1» 
the  siructure  snd  tbe  mode  of  devplopuient  of  stiirch-gnuiules.  Ther  tK 
apparently  formed  of  a  number  of  concentric  lamiiue,  which  increap^  in 
densitT  from  within  outwards.  Their  subataoce  ia  bardlj  diBtin^'uishaUc 
from  that  condition  of  cellulose  where  the  cell-membrane  swelL  into  i 
gelatinous  Bubetauce  with  dilute  sulphuric  acid,  or  even  sometimes  with 
water,  and  takes  a  more  or  less  decided  blue  colour  with  iodine  alon?. 
With  regard  to  their  mode  of  development,  they  appcnr  to  be  fonned 
pilber  by  intussusception,  ss  maintained  bT  Nageii  and  Sacbs,  or  by  thf 
deposition  of  succesmve  liyers  of  starch-aubstiuice,  by  protflplaam,  in  tbe 
interior  of  vacuolar  cavities  formed  in  the  protoplasmic  matter  of  the  crU. 
either  while  this  exists  ss  a  colourless  mucilaginons  matter,  or  aAer  it 
has  become  more  highly  orgnniied  into  chlorophjll-corpuaclea.  Starch- 
gmnulea,  in  fact,  appear  according  to  this  view,  to  be  formed  by  secretion 
on  the  inside  of  a  utricle  of  protoplasm,  exactly  in  tbe  same  wbv  as  the 
cellulose  wall  of  the  cell  is  secreted  on  the  outside  of  the  primordiiJ 
utricle. 

Fig.  SeS,  I<^g.  553. 
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mode  of  development  is  well  ill ustmted  in  the  formation  of  ttarcb- 
9  in  the  cords  of  protoplasm  which  have  ceased  to  circulate,  is 
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naaj  herbaceous  Monocotyledonous  stemsy  as  that  of  the  White  Lily 
itiz.  552),  &c., — bj  the  appearance  of  single  or  several  starch-granules 
m  old  chlorophyll-corpuscles,  or  in  the  substance  of  the  bands  of  Spiro^ 
^ra  (fig.  549),  &c  Still  more  strikingly  is  it  shown  in  the  development 
of  the  staich-mnules  which  ultimately  densely  fill  the  outer  cells  of  the 
radospenn  of  Maize,  where  they  are  at  first  nee  from  each  other,  im- 
bedded in  a  collection  of  protoplasm  filling  the  cell  (fiff.  663,  a),  and,  as 
thej  expand,  come  into  contact  and  almost  displace  aU  the  protoplasm, 
which  remains  only  as  a  reticulation  of  slender  threads  (fig.  558,  o).  A 
similar  reticulation  of  protoplasm-threads  remains  on  the  walls  of  the 
oeUa  of  the  Potato-tuber  after  its  starch-granules  are  formed. 

The  origin  of  the  compound  granules,  in  pairs,  fours,  or  very  many 
compacted  together  into  a  mass,  moulded  together  by  mutual  pressure  oiii 
tbeir  contiguous  surfaces,  is  readily  explicable,  since  we  often  find  several 
iwlated  nascent  granules  in  one  chlorophyll-  or  protoplasm-corpuscle :  as 
the  ^rrannles  increase  in  size  thev  come  mto  contact,  but  remain  bound 
t-^her  by  the  mass  of  protoplasm  in  which  they  lie.  Such  granules 
(found  in  the  corms  of  OracuB  and  Arum  (fig.  653,  h ;,  in  the  Oat,  and  more 
or  less  abundantly  in  many  other  Monocotyledonous  plants)  are  mostly 
nniply  coherent,  so  that  they  may  be  separated  by  slight  pressure.  But 
it  18  not  uncommon  to  find  twin  granules  enclosed  by  external  layers 
cummon  to  both  (fig.  563,  a). 

Relatton  to  Chlorophyll. — Starch-ffrains  are  almost  universally  present 
in  chlorophyll,  firom  which,  indeed,  tney  are  formed.  This  oninion  differs 
from  that  of  Mohl,  but  is  supported  by  the  discoveries  of  Sachs  and  Oris, 
the  former  of  whom  shows  conclusively  that  the  starch  is  developed  from 
the  chlorophyU  under  the  influence  of  light,  espedaUy  in  the  yeliow,  red, 
(a  orange  rays :  if  light  be  excluded,  no  starch  is  formed,  what  is  already 
formed  disappears,  but  starch  is  ajzain  formed  when  the  chlorophyll  is  once 
more  subjected  to  the  influence  of  light  Without  chlorophyll  no  starch  is 
formed ;  it  may,  however,  be  stored  up  in  cells  containing  no  chlorophyll, 
hot  is  brought  there  from  the  cells  in  which  it  is  formed. 


Deeaj  of  Starch-graiiiB. — Starch  is  a  temporary  ingredient  of 
the  cell-contents ;  it  is  accumulated  during  active  vegetation,  and  is 
abundantly  deposited  in  the  tissues  of  many  organs  which  remain 
St  rest  during  certain  seasons.  In  the  recommencement  of  growth 
it  is  dissolved,  in  consequence  of  the  formation  of  diastase  (which 
converts  the  insoluble  starch  into  soluble  dextrine)^  and  the  as- 
similated substance  is  applied  to  the  formation  of  permanent 
structure. 

Starch-grains  are  disintegrated  or  dissolved,  when  growth  is  about  to 
take  place,  in  two  ways— either  locally  (when  the  grains  present  a 
worm-eaten  appearance)  or  uniformly  over  the  whole  surface. 

InnliiL — In  certain  plants  starch-granules  are  absent  in  those 
situations  where  they  are  generally  abundant,  being  replaced  by  a 
sobstance  of  analogous  composition,  called  inuline.  This  has  been 
found  especially  in  the  roots  of  tubers  of  the  Compositae.     It  is 
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not  clear  whether  it  occurs  dissolyed  in  the  cell-sap  or  in  granules 
mixed  with  the  protoplasm.  From  solutions  it  crystallizes  in 
spherical  masses  of  radiating  crystals,  which  may  also  be  seen  by 
dipping  the  sections  of  the  tissue  in  alcohol.  As  it  has  no  special 
reactions  giving  distinct  colour,  like  starch,  it  cannot  be  detected 
except  by  chemical  analysis. 


^ 


Qils. — The  fixed  oils,  which  occur  abundantly  in  manr 
seeds  and  fruits,  are  easily  distinguished  in  the  cell-contents  on 
account  of  their  forming  isolated  globules,  merely  suspended  in  the 
watery  oell-sap,  which  strongly  refract  light,  and  can  be  made  to 
run  together  into  large  globules  by  pressure  and  by  the  application 
of  ether. 

The  oil-globules  occur  mostly  in  organs  prepared  for  a  season  of  rest. 
as  in  the  endosperm  (Cocoa-nut)  or  cotyledons  (Almond)  of  seeds,  or  in 
the  pericarp  (Oiiyej  of  the  higher  plants — also  sometimes  in  tubers,  ss  in 
those  of  Cyperw  esculentus.  Among  the  lower  plants  oil  is  especiallj 
abundant  in  the  resting-spores  of  the  Algas,  taking  the  place  of  the  stardi- 
granules  existing  during  active  vegetation. 

Essential  Oils. — ^Essential  oils  are  readily  distinguishable  when 
they  exist  in  quantity  suspended  in  the  cell-sap,  or  entirely  fiUing 
the  cell ;  sometimes,  however,  they  exist  in  such  small  proportions 
as  to  be  undistinguishable,  as  is  the  case  in  many  scented  petals. 

The  essential  oils  are  developed,  like  the  fluid  colouring-matters,  in 
vacuoles  of  the  protoplasm,  resolved  in  time  into  one  laive  cell-caTitj 
bounded  by  the  layer  of  the  protoplasm  lining  the  primordial  utricle. 
The  oily  matters,  caoutchouc,  resins,  &c.,  are  usually  found  in  compound 
cellular  organs,  glandsy  ducts,  Sec,  to  be  mentioned  presently,  under  the 
head  of  Tissues, 

Sugar,  Oom,  etc. — Sugar,  dextrine,  gum,  and  similar  substances 
dissolved  in  the  watery  cell-sap  are  not  capable  of  detection  by  the 
microscope,  since  the  quantities  in  which  they  exist  are  too  small 
to  alter  sufficiently  the  refractive  power  of  the  liquids ;  and  ^  e 
have  no  colour-test  for  them. 

The  gummy  matters  of  plants  (which  swell  up  in  cold  water  and  form 
a  slimy  mass)  are  in  many  cases  parts  of  the  cellulose  tissues  themselves, 
as  is  the  case  in  the  seed-coat  or  Linseed,  the  Quince,  &c.,  and  the  frum 
of  Tragacanth,  which  latter  consists  of  the  ciMenchytnatous  tissue  into 
which  the  pith  and  medullary  rays  of  the  stem  are  graduaUy  converted. 
Thev  result  from  the  abundant  formation  of  secondary  layers  in  tixat  state 
of  the  ''  cellulose  ^  compound  which  is  intermediate  between  cell-mem- 
brane and  dextrine,  just  as  the  ''  amvloid  "  of  the  secondary  layers  of  the 
cells  of  some  Lichens  is  an  intermediate  condition  between  cellnlose  and 
starch.  Bassorine  and  Arabine  are  formed  in  a  similar  manner,  from  the 
disorganization  of  the  cellulose  matters ,  hence  these  materials  are  to  be 
looked  on  as  excrementitious. 


CONTENTS  OF  CELLS.  505 

C0I011T8  of  Flowers. — ^The  bright  colours  of  the  parts  of  flowers 
are  produced  by  substances  usually  dissolved  in  the  watery  cell- 
sap  ;  sometimes,  however,  solid  corpuscles  or  utricular  structiues 
are  found  swimming  in  coloured  cell-sap. 

In  young  tissues  of  flowers  the  colouring-matter  may  he  observed  to  he 
formed  gradually  in  the  vacuoles  of  the  protoplasm,  and,  as  the  cells  ex- 
pand, increasing  in  quantity  until  the  separate  {>ortion8  coalesce  and  till 
the  whole  cavity  of  the  celL  This  is  well  seen  in  the  coloured  hairs  of 
the  stamens  of  TradescatUia. 

The  colouring-matters  of  flowers  admit  of  being  grouped  in  two  series, 
the  cyanic  series  and  the  xanthic  series,  with  green  as  an  intermediate 
colour:  thus,  starting  with  greenish  blue,  the  cyanic  series  passes  through 
blae,  blue-violet,  violet,  violet-red  to  red ;  the  xanthic  series^  on  the  other 
h&nd,  passes  from  green  to  greenish  yellow,  yellow,  orange-yellow,  orange, 
omng»-ied  to  red.  The  cyanic  colours  are  usually  in  solution ;  the  xanthic 
colours  are  usuaUy  solid.  It  very  rarely  happens  that  the  colours  of  the  two 
^ries  are  met  with  in  the  same  flower ;  hence,  though  Dahlias  and  Roses  of 
almost  aU  hues  are  now  to  be  seen,  a  true  blue  tint  has  never  been  seen 
in  either ;  and  there  are  numerous  illustrations  of  this  fact  in  ^[ardens.  The 
Tsrious  tints  of  colour  are  produced  either  by  the  interposition  of  colour- 
less cells  between  those  containiug  coloured  juices  or  by  the  superposition 
uf  cells  with  different  colouring-matter  one  over  the  other.  Thus  an 
orange  tint  would  arise  from  the  superposition  of  yellow  cells  over  red, 
«od  so  forth.  White  is  produced  either  by  a  very  dilute  coloured  solution 
or  by  the  presence  of  air  in  comparatively  large  quantities  in  the  tissues. 
The  velvety  appearance  of  the  petals  of  many  flowers  is  due  to  the  fact 
thftt  the  epidermal  cells  are  raised  in  the  form  of  smaU  conical  elevations 
like  the  pile  of  velvet,  and  the  play  of  light  thereon  gives  rise  to  the 
appearance  above  mentioned. 

Baphides. — ^The  i;('atery  fluids  traversing  the  tissues  of  growing 
plani^,  in  consequence  of  the  evaporation  from  the  leaves  and  the 
i'ontiuual  absorption  by  the  roots,  necessarily  contain  various  in- 
organic salts  dissolved  in  them.  Moreover  certain  organic  acids, 
such  as  oxalic,  malic,  tartaric,  <&c.,  are  always  formed  in  the  pro- 
cesses of  vegetable  digestion.  All  these  substances  and  their  com- 
pounds are,  for  the  most  part,  dissolved  in  the  cell-sap;  but  in 
most  of  the  higher  plants  we  And,  in  certain  cells  of  the  parenchy- 
matous tissues,  crystals  of  definite  composition,  either  scattered  or 
collected  into  groups  of  definite  form.  These  crystals  are  called 
rnphides  (fig.  555).  They  are  common  in  certain  orders  of  Flower- 
ing Plants  and  Fungi,  though  others  seem  destitute  of  them. 

It  is  not  clear  whether  the  raphides  are  to  be  regarded  as  a  secretion 
or  as  an  excretion — that  is,  as  substances  useless  or  noxious  to  the  plant, 
laid  by  in  an  insoluble  form.  The  latter  seems  more  probable,  especially 
as  they  are  usually  deposited  in  tissues  of  enfeebled  vitalitv.  The  Poly- 
gonacefls  (for  example,  the  Garden  Rhubarb)  form  abundance  of  oxalic 
and  other  organic  acids,  and  they  always  contain  a  quantity  of  bundles  of 
raphides  composed  chiefly  of  calcium  oxalate;  in  old  stems  of  Cactaceas, 


the  sulMtoiice  of  the  p»renchym»  ia  rendered  quite  grit^  to  the  touch  by 
cr^tals  of  calcium  oxalate  ftad  pboaphate  ffig.  654);  the  Hiuacee  con- 
tain crystals  of  calcium  Hulnhate,  &c.  The  large  gpeular  rdU  of  Araiira- 
ria  and  of  WelaiUehia,  slrendj  referred  to,  are  coverad  with  small 
crystals. 


Crystals  usually  occur  free  in  the  cavity  of  the  cell ;  but  in  some 
plants,  especially  in  the  UrticaceEp,  we  find  them  accumulated  on  a 
clavate  process,  formed  of  cellulose,  developed  from  the  side-watl 
of  the  cell :  these  are  i^led  cgstolithei. 

These  curious  structures  are  well  seen  in  the  subepidermal  cells  of  tb« 
leaf  of  Ficiu  Autiea  and  other  species — also  in  Parietaria,  the  Mulberry,  &r. 

Other  important  subBtances,  such  as  the  vegetable  alkaloids  and  the 
great  number  of  onmnic  acids  usually  associated  with  them,  exist  either 
dissolved  in  the  cell-sap,  intermixed  with  the  proloplaim,  or  di&iiaed  in 
the  solid  cell-structures  as  impregnating  or  incrustin^  substances.  With 
reoaid  to  these,  microscopio  inrestigation  has  not  hitherto  affiirded  soy 
inlormalaoD. 

Sect.  3.  CouBiHATioNS  OF  Cells. 

Tissues  consiBt  of  collecfiona  of  cells  of  uniform  character  com- 
bined together  by  apposition  or  by  more  or  loss  complete  union  of 
their  outer  surfaces.  They  are  produced  by  the  aggregation  and 
juxtaposition  of  celts  of  equal  age  or  degree,  originally  separate  and 
distinct,  or  mors  frequently  by  cells  which  are  termed  by  repealnd 
subdivisions  of  preexisting  cells.  In  the  one  case  the  tissue  is  mul- 
tiple from  the  first  as  to  its  elementary  constituents ;  in  the  other  it  ia, 
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St  lesst  relatively,  simple,  its  constituents  being  the  descendants  of 
t  sifiaii  nomber  of  cells. 

The  simplest  mode  of  combinatioii  of  cells  is  that  which  is  met  with  in 
I  Uige  number  of  the  Algie  of  low  organization,  where  the  cells  are  aaao- 
mted  for  a  time  in  what  are  called  colonies,  the  members  of  which  are 
more  or  leas  completely  independent  of  each  other  in  physiological  respectSi 
biu  murphologicaUy  represent  parts  of  a  determinate  whole ;  while  ulti- 
mately they  separate,  each  to  lay  the  foundation  of  a  new  colony. 

Examples  of  this  may  be  seen  in  the  grouped  Desmidiea,  like  Pedias" 
frvm  (fig.  603,  B,  a),  the  Diatomea,  &c,  and  in  the  PaltMiiea ;  to  this  head 
»  aUo  referable  the  structure  of  some  of  the  filamentous  Gonfervoids, 
Volrocinece  (tig.  500,  D),  and  Hydrodictyon.  These  groups  of  cells  are 
either  held  together  by  simple  attachment  at  certain  points  of  their  sur- 
£ice9,  as  in  the  J)eimtdie€B,  Hydrodictyon,  DitUcfna  (tig.  503,  B,  c),  &c,, 
or  by  their  being  enclosed  in  a  gelatmous  common  envelope  (resulting 
frinu  the  expansion  or  the  decay  of  parent-cell  membranes^,  as  in  the 
yoitneineet,  JPiaimeUeee,  and  Nostochinea, 

InterceUnlar  boimdaries. — A  complete  coalescence  of  the  cellu- 
lar membrane  of  one  cell  with  that  ot  its  neighbour  so  as  to  form  a 
homogeneous  whole  takes  place,  so  that,  although  the  bounding 
membrane  between  one  cell  and  another  would  appear  necessarily 
to  be  double,  each  cell  having  its  own  proper  cell-wall,  yet  if  very 
young  growing  tissues  be  examined  where  the  cell-walls  are  very 
tlun,  the  boundary- wall  between  adjacent  cells  may  be  seen  to  be 
simple,  without  any  trace  of  separation.  It  is  only  in  older  thick- 
w&lJed  cells  that  a  line  of  demarcation  becomes  obvious,  in  the 
form  of  an  intermediate  lamella,  at  one  time  spoken  of  as  the  inter^ 
ztUvdar  fubsiancej  and  supposed  to  be  a  distinct  substance,  but 
which  is  now  shown  to  be  the  result  merely  of  a  difference  in  den- 
eitj  or  molecukir  structure  of  the  cell- walls  during  their  thickening. 

Where  the  cells,  during  growth,  separate  at  various  points  one 
hDm  another  to  form  intercellular  spaces,  there  the  boundary-wails 
necessarily  split  to  form  the  spaces  in  question.  So  also  where 
cells  originally  united  become  disconnected,  as  in  the  pulp  of  fruits, 
the  partition-walls  naturally  become  separated,  though  originally 
the  boundary- wall  is  uniform  and  homogeneous. 

Parenchyma. — The  tissues  are  distinguished  into  kinds  accord- 
ing to  the  form  of  the  cells,  the  character  of  the  cell-membrane, 
and  the  manner  in  which  the  cells  are  connected  together. 

Where  the  cells  are  roimdish  or  elliptical,  the  tissue  is  called  paren- 
fhfma ;  and  this  is  called  imperfect  or  perfect  accordingly  as  the  consti- 
tuent cells  have  interspaces  between  them  or  are  closely  packed  so  as  to 
lea?e  no  intercellular  spaces.  Where  the  cells  are  much  elongated,  the 
tittue  is  called /ir6iMAC%fiia,  and  the  constituent  cells  are  known  as  fibres. 
C&rtilaginous  tissue  is  known  as  eoUenchyma ;  and  two  other  kinds  are 
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characterized  by  peculiar  modes  of  combination  of  the  cellfi,  viz.  felted 
tissue  {tela  cotUexta)  and  vascular  tissue. 

Imper/Bct  parenchyma  (merenckyma)  is  composed  of  cells  with  more 
or  less  rounded  surfaces  connected  into  a  lax  tissue,  necessarily  presenting 
abundant  intercellular  passages  and  spaces.  The  cells  are  tcuerably  uni- 
form globular  or  oval  (a),  or  lobed,  and  connected  at  few  points,  lea\in{; 
wide  mtercellular  passages  between  them  (6)  ;  in  other  cases  the  cells  are 
more  or  less  stellate,  and  leave  large  spaces  between  them  (c). 

The  form  a  is  common  in  all  young  organs  of  the  higher  plants,  e^^ 
cially  in  the  rind  and  the  pith  (fig.  520),  in  the  p-dp  of  fruits,  &c. ;  o  ii 
vexy  characteristic  of  the  lower  stratum  of  the  internal  substance  of  leave; 
(fiff.  622)  ;  c  occurs  in  the  stems  and  leaf-stalks  of  aquatic  plants,  in  the 
pitn  of  Rushes  (fig.  624),  &c. 

Perfect  parenchyma  is  composed  of  cells  bounded  and  united  togetbir 
by  plane  siurfaces ;  where  the  cells  are  regular  polyhedra,  of  about  equal 
size,  the  tissue  is  (a)  regular  parenchyma ;  if  tne  size  is  unequal  and  thti 
forms  unlike,  the  tissue  becomes  (h)  irregular  parenchyma.  Certain  modi- 
fications of  regular  parenchyma  have  received  distinct  names,  viz.  i—ic) 
prismatic  parenchyma^  where  the  cells  are  6-sided  prisms  with  pyramidal 
ends ;  (d)  murifortn  parenchyma,  where  the  oeUs  are  square  or  obluDg, 
with  the  long  diameter  horizontal,  and  packed  like  bricks  in  a  wall ;  and 
(e)  tabular  parenchymoy  where  the  cells  are  flattened  from  above  down- 
wards. 

The  form  a  is  abundant  throughout  all  classes  of  plants,  and  is  well 
seen  in  fully  developed  pith  of  Dicotyledons  (fig.  526) ;  h  is  even  mure 
common  in  the  soft  parts  of  plants  (fiff.  527) ;  e  is  met  with  in  the  her- 
baceous stems  of  Monocotyledons,  and  in  the  upper  part  of  the  diachyma 
of  leaves,  also  in  a  woody  condition  in  the  testa  of  various  seeds ;  d  'm 
characteristic  of  cortical  structures,  and  may  be  seen  in  cork,  peridenu 
of  Birch,  the  rind  of  the  rhizome  of  Tamus  &c.,  also  in  the  medollaiy 
rays  of  Dicotyledons ;  e  occurs  specially  in  the  epidermal  cells. 

Merenchyma  and  parenchyma  in  their  various  modifications  run  into 
one  another  by  countless  intermediate  conditions. 

Sderenchyma  consists  of  ordinary  cellular  tissue,  the  constituent 
cells  of  which  become  ultimately  filled  with  stratified  woody  thick- 
enings. They  occur  locally,  even  as  individual  cells  or  in  group? 
{sderites\  or  even  in  more  or  less  continuous  layers.  A  familiar 
illustration  occurs  in  the  "grit"  of  Pears.  Their  purport  is  sup- 
posed to  be  to  protect  and  support  softer  tissues. 

Prosencliyma  is  composed  of  cells  elongated  greatly  in  one  di- 
rection, and  attenuated  to  a  more  or  less  acute  point  at  each  end, 
forming  what  is  called  a  fibre.  These  fibres  are  necessarily  united 
for  the  most  part  by  their  later^  surfaces,  and  their  ends  are  insi- 
nuated into  the  spaces  between  those  lying  above  and  below  them. 

We  distinguish  in  prosenchyma  two  modifications — (a)  tfwt/y 
fihre^  composed  of  spindle-shaped  cells  of  moderate  length,  and  [h) 
liber  or  bast  cells,  composed  of  very  long  slender  cells  which  are 
occasionaUy  slightly  branched. 
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Woodj  fibre  ia  the  muD  comtituent  of  tUe  tninka  of  Dicotyladooa ;  ita 
.^Us  tn  mostlj  <^  rectAogular  saction,  and  the  walls  become  greatly 
thictened  with  tge.  Liber,  the  Hbrous  substance  of  tbe  baik  of  JJico- 
Iiledom^  a  principal  cocatituent  in  tlie  fibro^v oscular  bundles  of  Monoco- 
trledonB  (Iik-  G21),  &nd  of  the  fibrous  husks  of  fruits,  &c.,  is  composed  of 
i«ry  iona  cells,  whose  membraDeB  are  of  a  peculiar  Uiaghaeea,  even  when 
mUij  thickened ;  their  section  is  commonly  roimdisli  (Bg.  629)  or  heia- 
^iHiil.  The  pecidiar  tenacity  of  the  Te^tnble  libres,  Yba,  Hemp,  &c., 
uiMe  from  the  forms  and  mode  of  union  of  the  Iibet>-celU  of  which  they 
consiitj  the  "grain"  of  wood  is  likewise  determined  by  the diiectdon  of 
tiie  long  axis  of  the  proHencbymatous  cells  of  which  it  is  composed. 

Cmi&etinff  ctUt  are  long,  cylindrical,  tbin-walled  cells,  placed  one  over 
ib«  other,  and  not  tapering  at  the  ends,  and  are  supposed  to  be  channeLB 
{cr  the  paaeAge  of  the  nutrient  fluid. 

Colltoicbyma  is  &  substance  formed  especially  at  tbe  points  of 
ojnUct  of  cells.  It  is  of  a  cartilaginous  or  homy  taxture,  its  cells 
Ifi.'oniiDg  greatly  thickened  by  secondary  layers  of  a  substaai'o 
lofteoiug  or  swelling  up  in  wat«r,  or  on  the  addition  of  weak  sul- 
phuric add.    It  never  becomes  tigniGed. 

The  lamination  of  tbe  cell-walls  is  often  invisible  until  after  macera- 
tion; so  thattho  tiusue  looks  like  a  maasof  homogeneous  substance,  excs- 
»ied  into  cavities,  or  like  a  collection  of  cells  with  abundant  intercellular 
iubjtance,  A  solution  of  chromic  acid  also  serves  to  show  tbe  laminated 
^itriicture;  but  if  used  too  strong,  it  dissolves  tbe  intercellular  substance. 
The  outer  portion  is  not  coloured  by  Schulze's  aolutiou  or  anilin;  but 
Ibe  inner  portion  next  the  cell-wall  is  tinted  blue  with  iodine.  This 
'ume  occurs  in  the  rind  of  many  herbuwous  plants,  as  Chenopodiacese 
i%s  556  &  667),  CuairbUa,  Ngmphita  (hg.  636), and  the  pilb and  medul- 

Pig.  668.  Kg.  567. 


a  ((mot  Beet:  n,  thiduned  nU-iniU, 


lary  rays  of  the  speciee  of  A^troffoUu  (forming  "tragacanth  ");  and  tn 
Ihe  Mme  head  may  be  referred  the  aubstanco  of  fleshy  endoeperros  (lig. 
ttiS),  ud  also  the  cartilaginous  tballus  of  the  larger  Algte. 
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Tela  eontexta  18  oompoeedof  elongated  cylindrical  cells,  sometimes 
called  hyphoe^  united  end  to  end  into  filaments,  and  either  simple  or 
branched  laterally,  interwoven  irregularly  into  a  kind  of  felted  mass. 

ThiA  tissue  occurs  in  the 
thallus  of  Lichens,  forming  ^ig,  566. 

the  internal  or  medullary  sub- 
stance,  aIso  in  the  thallus  of 
some  Algm.  The  mjcelium 
of  the  Fumri  is  likewise  com- 
posed of  felted  cellular  fila- 
ments forming  a  free  cottony 
mass  (fig.  1  By  p.  8). 

Vascular  Tissue. — Vw- 
cuLar  tissue  is  formed  bv 
the  absorption  of  a  portion 
of  the  contiguous  walls  be- 
tween cells,  so  that  they 
tecome  converted  into  con- 
binuous  tubes  of  more  or 
less  considerable  length. 

When  the  constituent 
cells     have     spiral-fibrous 

secondary  th  ickeningS,  they    Section  of  the  oells  of  the  seeda  of  Sopkora  japomka : 
%,         c  1.  *  ^'  thickened  cell- walls;    &,  m^itr  of  the  cellf 

are   usually   Ot    prosencny-  (bounded  bj  a  donUe  line).    Ma^iOOdiaiB. 

matous form,  and  they  over- 
lap each  other  so  that  the  lines  of  union  are  oblique :  sometimes 
these  spiroid  tubes  are  distinguished  as  vessels  from  those  formed 
of  the  usually  short*»r,  mostly  wider,  and  more  or  less  flat-ended 
cells  which  have  pitted  walls,  and  which  are  called  dotted  or  ^itt^U 
dticts. 

The  dotted  ducts  are  connected  with  the  spiroids  through  the  scalari- 
f orm  vessels,  but  in  their  extreme  forms  are  very  unlike,  and  are  found  in 
very  different  situations. 

The  vessels,  like  the  cells,  may  be  spiral,  annular,  retiadattfl 
or  scalariform.  They  also  present  special  forms  hereinafter  men- 
tioned. The  constituent  cells  may  be  long  or  short;  in  the 
latter  case  the  vessels  are  sometimes  called  monilifarm.  The  spiral- 
fibrous  structure  often  remains  when  the  primary  membrane  is  ab- 
sorbed at  the  surface  of  junction,  so  that  the  constituent  cells  of  a 
vessel  are  merely  separated  by  a  kind  of  '^  grating  "  of  bars. 

Spiral  vessels  (fi^.  569)  are  found  in  the  youngest  and  most  delicate 
parts  of  the  plants  m  which  they  occur.  They  are  the  parts  of  the  wood/ 
structure  first  developed  in  stems ;  they  are  extensively  developed  in  tbe 
ribs  of  leaf-stalks  and  leaves,  and  almost  exclusively  constitute  those  of 
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th«  Dtgtiu  of  flowers,  an  ma;  he  seen  in  petitlH.     In  atem»  and  l«>if-«titUts, 
-ipmiltT  of  fMC-grawing  organs,  the  coastitueiit  cella  are  oft«a  very 
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long  and  the  course  of  the  vessels  straiglit ;  in  roots,  and  in  concentrated 
rhizomes  and  corms,  &c,  the  constituent  cells  are  mostly  short  and  the 
course  of  vessels  tortuous.  The  spiral  fibre  in  the  interior  of  these  vessels 
has  been  considered  to  be  huUow  or  tubular :  but  this  is  not  generally 
regarded  as  correct.  Ultimately  they  are  empty  alike  of  protoplasm  and 
cell-sap,  and  serve  as  air-conductors. 

Anmdar  vesseh  (iig.  560)  are  found  in  situations  similar  to  the  last 
being  generally  formed  a  little  later  in  the  same  bundles.  They  are  com- 
monly of  greater  diameter  than  true  spirals.  This  is  the  commonest  form 
of  vessel  in  the  EquisetacesB. 

Reticulated  vesms  (fig.  6G2)  are  abundantly  developed  with  the  spiral 
and  annular  kinds  in  succulent  stems,  roots,  petioles,  &c.  They  are  very 
important  constituents  in  the  fibro-vascular  bundles  of  Monocotyledons 
generaUy.  They  are  mostly  of  rather  large  diameter ;  their  cells  long  in 
stem-structures,  short  and  irregularly  formed  in  roots  and  in  the  inoer 
cortical  region  of  Monocotyledonous  stems,  where  a  number  of  vessels  are 
often  anastomosed  into  a  kind  of  network. 

Scalariform  vessels  (fig.  541)  are  especially  characteristic  of  the  woody 
structmres  of  the  Ferns  and  Lycopodiaceie,  in  which  they  sometimes  occur 
of  very  large  diameter.  Most  vessels  are  cylindrical,  and  present  a  more 
or  less  circular  section ;  but  the  scalariform  are  prismatic,  usually  with  an 
hexagonal  section. 

Vessels,  when  once  formed,  are  usually  persistent;  but  in  some  water- 

Slants  the  stem  when  young  is  traversed  by  a  single  spiral  vessel,  which 
isappears  as  the  stem  grows  older,  so  that  in  tne  adult  condition  the 
stem  seems  wholly  cellular  with  a  central  lacuna. 

The  pitted  or  aotted  ducts  (fig.  536)  are  characteristic  of  the  wood  of 
Dicotyledons,  where  they  occur  either  scattered  in  the  proeenchyma,  or 
forming  the  principal  constituent  of  the  wood. 

The  walls  of  pitted  ducts  are  not  always  uniform,  this  depending  in 
some  cases  upon  the  nature  of  the  organs  with  which  they  are  in  contact, 
whether  cells  or  other  ducts,  since  the  pits  always  correspond  on  the  wails 
of  adjacent  organs,  and  they  are  ordinarily  less  numerous  and  less  regular 
on  the  waUs  oi  prosenchymatous  cells  than  on  those  of  ducts. 

The  pits  and  their  borders  (n.  487)  are  very  generally  somewhat  elon- 
gated obliquely ;  and  the  canal  of  the  pit  is  oft«n  enlarged  into  a  trans- 
verse slit  in  the  inner  part,  which  in  some  cases  becomes  confluent  with 
that  of  its  neighbours.  In  some  plants  we  find  ducts  with  the  wall 
marked  both  with  pits  and  a  spiral  fibre,  like  the  walls  of  the  wood-cells 
of  Taxtts  (fig.  542). 

Pitted  ducts  with  uniform  waUs  make  up  the  chief  mass  of  the  wood 
of  Clematis,  In  the  wood  of  Elder,  Beech,  Hazel,  Alder,  &c  we  find  ducts 
with  pits  numerous  on  the  walls  adjoining  other  ducts,  but  distant  or 
absent  on  the  walls  adjoining  wood-cells.  In  Bombax  the  wood-cells  are 
for  the  most  part  replaced  by  narenchyma-cells,  and  the  waUs  of  ducts 
adjoining  these  have  the  pits  aestitute  of  the  border  &c. 

Pitted  ducts  form  the  large  tubes,  visible  to  the  naked  eye,  seen  in  cross 
sections  of  most  woods,  especially  Oak,  Mahoganv,  &c.  They  are  ahsent 
from  the  wood  of  the  ConifersB,  which  is  wholly  composed  of  simple 
wood-cells  (fig.  537). 

Vasa  propria  are  elongated  cells  with  thin  waUs,  and  either  oblique 
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ir  34t  taiAi,  where'thej  adhere  together;  the;  Taiy  in  diftmetar,  like  the 


irjlh  a  kind  of  liue  network  ol 
in  »  former  section. 

Cells  of  this  chancter  (which  difier  from  the  condvcling-edh  hefore 
illud«d  tu,  in  th&t  the  latter  are  destitute  of  markings  or  pits)  always  occur 
in  the  middle  of  the  fibro-vascular  bundles  of  Monocotyleaons ;  and  they  are 
istemiiied,  mostlj  in  alternate  layers,  with  the  liber  in  the  fibrous  layer 
of  ihe  bark  of  Dicotyledons.  They  axe  strikingly  distinguished  from  qti- 
raidt  by  containing  thick  and  op^e  sap,  while  the  latt«r  usually  contaia 
ijiIt  ur  -when  fully  developed. 

(^aspary  includes  under  the  bead  of  conduettng-ceBg  not  onlv  those 
rcliadiical  tuhee  before  alluded  to,  but  also  elongated  cells  hAvine  the  form 
u>d  appearance  of  veeaels,  but  nbich  do  not  fonn  continuous  tuDes,  beii^ 
iffaral«d  one  from  the  other  by  partitions  formed  by  the  adjacent  ends  of 

LaUcifer<m»  vttMl*,  or  milk-vessels,   containing  the   latex   or    milky 
juice     of   such    plants    as    Poppies,     Euphorbias,     Cichuracete,    &c., 
ire  formed  from  series  of  celts,  the  parti- 
oiniB  between  which  become  very  early  and  P5t-_  553^ 

!l)s*dily  obliterated.  The  constituent  cells 
icBT  be  placed  one  over  the  other  to  form 
ultimately  a  straight  tube,  or,  more  generallr, 
ie  lateral  partition -walls  between  the  cells 
Wome  obUterated,  and  the  result  ba  branch- 
ing lube,  or  series  of  tubes,  which,  according 
io  Trfcul,  anastomose  with  other  kinds  of 
ve^'jcls,  and  allow  the  contents  of  the  one  to 
(*.-»  into  the  cavity  of  the  other.  They  occur 
most  abundantly  in  the  pith  and  inner  layers 
of  the  bark,  in  rwots,  leaf-stalks,  &c.,  often 
forming  a  complete  network.  IKppel  says 
ibe  laticiferoua  veeaels  replace  the  clatbrate 
Jt  latticed  vessels  of  other  plants.  Their 
ptEsence  is  moat  easily  demonstrated  by  boil- 
iDg  a  fragment  of  tissue  in  weak  solution  of 
potash. 

Vaiadar  vemfit  (Hanstein)  reaemble  nmple 
Kibranched  laticiferous  vessels,  containing  a 
milky  juice.  They  are  formed  of  rows  of  cells 
'lisposed  lengthwise,  and  their  partition-walla 
UP  thickened  and  perforated  as  in  the  sieve  ' 
'>-a(8eep.  487).  This  form  of  vessel  occurs  in  ' 
ih«  bulbs  of  Onions  and  other  Monocotyledons. 

In  Commelynaceie  and  in  Pandanacem  long  rows  of  cells  are  mot  with 
liUed  with  mphidM,  and  ultimately  forming  continuous  tubes,  which  are 
stated  by  EUjialein  to  be  homologous  with  la(«x-tubee. 

ijpiMM. — In  some  instances,  as  in  the  Vine,  veMcular  formations  may 
W  seen  in  the  interior  of  the  large  vessels.  According  to  Von  Mohl, 
they  are  produced  by  a  protrurion  of  the  adjacent  cell,  which  penetrates 
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the  pore,  and  either  tears  through  or  caiues  the  absorption  of  the  primarr 
membrane  of  the  vessel. 

The  Systems  are  oombinatioiis  of  tissues,  of  like  or  different 
form  and  character,  into  elementary  structures  formed  on  definite 
plans,  and  destined  for  particular  purposes  in  the  economy  of  the 
plant. 

In  the  simpler  plants  there  generally  exists  no  distinction  of 
systems ;  but  even  in  the  higher  AlgsB  and  Lichens  there  is  a  dif- 
ference in  the  cortical  and  meduUary  portions  of  the  thallus.  In 
plants  possessing  stems  and  leaves,  the  fibro-vascular  or  wood- 
system  makes  its  appearance;  and  we  may  distinguish  in  the 
Fhanerogamia  three  primary  systems,  viz.  the  Cellular^  the  Hhro- 
vdscular,  and  Cortical  Systems.  These  are  all  formed  of  proper 
constituent  cells  or  tissues. 

Besides  these,  we  have  systems  which  are  formed  for  the  most 
part  by  the  interspaces  between  the  cells  of  the  above  tissues,  viz. 
the  Aerial  System,  consisting  of  intercellular  passages,  spaces,  or 
even  large  cavities  ;  and  the  Secretary  Systen\,  including  the  milk- 
vessels,  reservoirs  for  secretion,  glands,  Ac 

The  Cellular  System. — ^This  name  is  applied  to  the  oellolar 
tissues  forming  the  great  mass  of  the  living  structure  of  plants. 
In  the  Thallophytes  it  forms  the  whole  organization,  the  super- 
ficial layer  of  the  larger  kinds  of  thallus  not. being  a  true  cortical 
layer  like  that  of  the  higher  plants.  In  the  Mosses  and  Hepaticse 
little  is  added  to  the  cellular  system,  the  fihro-vascular  system 
appearing  in  a  very  simple  form  in  the  stems,  and  the  cortical  in 
the  shape  of  an  epidermis  to  the  seta.  In  the  higher  Cryptogamia 
and  the  Fhanerogamia  the  cellular  system  is  less  predominant, 
except  in  the  temporary  organs.  In  the  stems  and  roots  it  foniis 
the  pith  and  medullary  rays  of  Dicotyledons,  and  the  diffused 
medullary  system  of  Monocotyledons,  together  with  the  cambial 
structures  in  all  growing  regions ;  and  it  forms  the  mass  of  the 
leaves  and  the  parts  of  the  flower.  It  is  in  this  system  that  the 
vital  processes  of  vegetation  are  chiefly  carried  on.  If  the  con- 
stituent cells  do  not  grow  or  divide,  they  constitute  a  permanent 
tissue ;  but  if  the  cells  divide,  they  form  meristem,  or  generatiizg 
tissue. 

Meristem. — That  part  of  the  parenchyma,  or  cellular  tissue, 
whose  constituent  cells  multiply,  or  are  capable  of  multiplying,  bj 
division,  as  subsequently  explained,  is  called  meristem.  According 
to  Hanstein's  researches  on  the  development  of  the  tissues  in  the 
embryo  plant,  the  meristem  or  growing  cellular  tissue,  in  the  course 
of  its  development,  gradually  undergoes  changes  which  result  in  the 
formation  of  distinct  layers  of  cells— differing  in  size,  form,  and  mode 
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of  dirision,  and  whicli  may  be  grouped  under  the  three  heads  of 
Htrmaiogen,  periblem,  and  pUrame.  iVom  the  dermatogen-oells  the 
root-cap,  the  epidermal  tissues  and  their  appendages,  hairs,  &e., 
de?elop  themselves.  The  cells  constituting  the  periblem  are  the 
prBcursors  of  the  cortical  tissues.  The  cells  of  the  plerome  form 
the  perieambium^  procambium^  cambium^  and  ultimatelj  the  fibre- 
vascnlar  bundles  and  pith.  The  pericambium  is  onlj  found  in 
roots,  and  is  merely  the  outer  layer  of  the  plerome  (McNab).  The 
procambial  cells  are  those  which  are  destined  to  develop  into  the 
libro-Tascular  bundles.  The  cambium  is  that  portion  of  the  original 
plerome  which  is  not  converted  into  fibres  or  vessels,  but  the  cells 
of  which  retain  their  more  or  less  spherical  form  and  their  power 
of  subdivision.  The  cambial  cells  occupy  the  centre  of  the  fibro- 
rascular  bundles  of  Dicotyledons,  between  the  outer  phloem  portions 
and  the  inner  xylem  or  vascular  portions.  At  the  extreme  apex 
these  layers  are  not  yet  differentiated,  but  form  a  mass  of  cells  of 
*H)ual  size  and  degree,  sometimes  called  the  initial  cells.  In  many 
Crvptogams,  however,  the  ends  of  the  stem  and  of  its  subdivisions 
are  constituted  by  a  single  apical  cell. 

The  Filiro-Tasealar  Sjrstem. — This  system  forms  all  the  woody 
structures  of  plants,  which  in  all  cases  are  composed  of  a  quantity 
of  conjoined  portions  of  cellular  and  vascular  tissue  arranged  in  a 
peculiar  manner,  and  derived  originally  from  a  definite  portion  of 
the  plerome  called  the  procamhium.  The  cells  of  this  latter  are 
Hther  all  converted  into  ^^rman^nt  tissue  (vessels,  liber-cells,  &c.), 
or  some  of  them  remain  in  a  merismatic  condition,  if  capable  of 
difision,  and  these  form  the  camhiam.  The  kind  of  cellular 
tisTOC  associated  with  the  vessels  is  mostly  prosemhyma  or  JibroHs 
tissue ;  the  constituent  elements  wood  of  are  called  fibro-^ascuUir 
hundles.  In  Dicotyledons  the  fibro-vascular  bundle  usually  con- 
sists of  wood-cells  and  vessels  (xylem)  internally,  liber-ceUs  (phloem) 
exti^mally,  separated  by  cambium.  The  bundles  are  plunged  in  paren- 
chyma. If  the  bundles  are  devoid  of  meristem  or  cambium  they 
are  dosed ;  if,  on  the  other  hand,  they  contain  cambium,  the  bundles 
are  called  open.  All  woody  substance  appears  originally  in  the  con- 
dition of  isolated  fibro-vascular  bundles,  which,  when  they  remain 
separate,  form  what  are  commonly  called  "  fibres,"  and  when  they 
combine  together  into  a  solid  mass,  form  ^'  wood."  The  bundles  re- 
main as  '*  fibres  "  in  the  stems  of  Monocotyledons  ;  they  are  in  the 
same  state  in  the  earliest  conditions  of  the  stems  of  Dicotyledons  ; 
and  such  '^  fibres  "  form  the  ribs  of  leaves  and  other  organs. 

That  portion  of  the  parenchyma  which  remains  after  the  con- 
version of  the  meristem  into  fibro-vascular  tissue  is  called  the 
fu,ndamental  Hssu4, 

2l2 
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The  fibro-vaecular  bundles  differ  in  their  mode  of  growth  in 
different  ClaeseB  of  Plants,  which,  in  consequence  of  thiB,  exhibit 
considerable  difference  in  the  structure  of  their  mature  stems. 
The  simplest  form  is  absolutely  without  vessels,  as  in  Mosiks 
and  some  simple  aquatic  Phftnerogamia  (^Poti^nogttoH),  where  the 
fibro-vascular  tissue  is  composed  simply  of  cords  of  prosenchyma  , 
traversing  the  cellular  tissue. 

Complete  bundles,  however,  possess  sereml  elements  airanged  in 
definite  order ;  these  belong  to  the  wood-rogion,  the  cambium- 
region,  and  the  liber-region.  The  woM^region,  which  lies  neit  tht> 
centre  of  the  stem,  is  composed  of  short-celled  proeencfayma  inter- 
mingled with  spiral  and  other  vessels  (Mid  in  Dicotyledons  pitted 
ducts) ;  the  cambium-region  is  composed  of  proeenchyma  in  a 
nascent  condition.  Tbe  increase  of  such  stems  depends  on  the 
development  of  new  cells  in  „     j^. 

this  region.     The  2i6er-region  ^^'       '  \ 

is  composed  of  very  long  pro-  i 

HenchymatouB  tissue  (usually  { 

in  the  condition  of  isolated  ! 

bundles  of  thin  laminte  con- 
nected by   cellular   tissue    in  I 
the    Dicotyledons).      In    the                                                              I 
MoDOcotvledous  the  region  is 
converted    into  vata  propria 
(fig.  564). 

In  the  Higher  Crjrptogamia  i 

there  is  no  dermatogen,  but 
onlyperiblem  surrounding  the 
plerome;  t]iehimd1e»B,re cloted, 
and  do  not  alter  in  their  con- 
dition when  once  formed,  and 
they  anastomose  with  those 
that  succeed  them  in  succes- 
sive intemodes  of  the  stem,  i 
so  that  the  fibre- vascular 
structure  appears  continuous. 

In     the     Monocotyledons 
there  is   but  little  periblem ; 

Ih.  buDdle.  m  «!»  ct^,  "SpS'lr'SSS'SwSfe.VS'™ 
are  formed  by  degrees,  a  cam-  »«iQn,  b.  voniosi  mr^m-.  f.ftTVknhjma 
bium-regionbeingfonnedfrom  r^'^i.fS.^'^'Jli^  di:2°H^;  toTSi 
the  plerome  and  occupying  the  included  in  the  itacidj  pnrtion  of  the  bimiit 
central  part  at  first;  but  after  °o^'*^' inJin^  S^^^iS^w^ 
B  time  this  is  wholly  resolved  of U"  bundle).  Miga.  loo  diui. 
into  wood,  liber,  and  vasa  pr^ria.    These  bundles  remain  isolated 
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in  tlie  stem,  never  alter  in  condition  after  the  firat  season  of 
growth,  and  turn  outwards  to  terminate  at  the  surface  of  the  stem 
above  and  below,  anastomosing  with  their  successors. 

In  the  Dicotyledons  the  bundles  in  a  young  shoot  somewhat 
resemble  those  of  Monocotyledons,  but  they  stand  in  a  regular  ring 
roond  the  pith.  On  the  inside  they  present  spiral  and  annular 
Tessels ;  next,  a  mass  of  prosenchyma  with  dotted  ducts,  which 
passes  gradually  into  the  cambium-layer;  the  latter  is  bounded 
externally  by  liber,  among  the  bundles  of  which  are  vasa  propria. 
These  bundles  are  indefinite  in  their  growth,  producing  new  layers 
of  permanent  tissue,  liber-cells  on  one  side  of  the  cambium  and 
wood-cells  on  the  other.  Hence  the  division  of  the  bundle  into 
phloem  or  bast  tissues,  and  xylem  or  wood,  separated  by  the  cam- 
bium when  present.  The  phloem  consists  of  thin-walled,  often 
latticed  cells,  sieve  tubes,  and  of  large  thick-walled  Uber-cells.  The 
lylem  consists  of  thick-walled  cells  and  pitted  vessels,  surrounded 
by  woody  parenchymatous  cells.  Sometimes  the  cells  do  not  be- 
come woody.  G-reat  variations  occur  in  the  degree  in  which  the 
seTeral  elements  are  present,  even  at  different  part's  of  the  same 
bundle.  The  lower  extremities  elongate  indefinitely  in  the 
root;  the  upper  extremities  anastomose  and  become  continuous 
with  their  successors;  and  above  all,  the  cambium-region  is* an 
indefinite  focus  of  development,  forming  a  new  layer  of  woody 
substance  inside,  and  a  new  layer  of  liber  outside  during  every 
season  of  growth. 

Frotecti2ig  Sheath. — ^This  term  is  applied  by  Gaspary  to  a  single 
lajer  of  cells  without  intercellular  spaces  surrounding  each  fibro- 
vascular  bundle,  or  surrounding  the  entire  ring  of  bundles.  By 
Tan  Tieghem  this  layer  is  called  the  endoderm.  Its  oeUs  are  usually 
more  or  less  lignified. 

The  Cortical  System.  Epidermis. — ^In  young  stems  and  in  her- 
baceous organs  generally  this  system  is  termed  the  epidermal 
t}f$tem ;  as  stems  grow  older,  this  gives  place  to  the  hark.  The 
cortical  system  may  therefore  be  defined  as  comprising  all  the 
tissues  outside  the  cambium  ring  when  present. 

The  simplest  form  in  which  the  cortical  system  exists  is  that 
of  a  simple  layer  of  flat  cells  firmly  united  by  their  sides,  forming 
a  continuous  coat  over  the  surface  of  a  plant,  called  the  epidermis. 
The  constituent  cells  of  the  epidermis  do  not  divide  tangentially, 
but  alwavs  parallel  to  the  surface.  These  cells,  moreover,  are 
entirely  devoid  of  chlorophyll  or  granular  matter,  and  are  derived 
from  the  dermatogen  cells.  The  epidermis  is  usually  caducous, 
being  succeeded  by  the  formation  of  corky  periderm  cells.  Where 
the  stem  remains  green  the  periderm  is  not  formed,  but  the  epi- 
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dermis  persists.  Such  an  epidermis  clothes  all  the  organs  of  plants 
above  the  Class  of  Mosses ;  and  it  presents  this  simple  general 
character  on  all  joung  structures,  with  one  special  distinction 
only,  that  on  submerged  organs  and  on  roots  it  is  absolutely  cod- 
tinuous  and  impervious ;  while  on  part«  exposed  to  the  air  it  pre- 
sents more  or  less  numerous  orifices  guarded  by  a  peculiar  cellular 
structure  called  a  Hama  (fig.  565,  a). 

Stomata. — The  stomata  are  orifices  between  the  meeting  angles 
of  the  epidermal  cells  (fig.  566,  B),  in  which  orifices  be,  rather  to 
the  underside,  a  pair  of  cells  of  semilunar  form  (fig.  566,  A,  C), 
separate  on  their  adjacent  sides,  so  that  in  expansion  and  contrac- 
tion they  close  and  open  a  slit-like  passage  beneath  the  superficial 
orifice.  This  slit  (Rg.  566,  A,  s)  leads  to  an  open  intercellular 
space  within  the  substance  of  the  leaf. 

Fig.  666. 


Fig.  565. 


Fig.  566.  Spidennii  c^  the  lower  gorfkoe  of  the  leaf  of  MelUbom  faibAm :  a.  **«w*^,  ICsea- 
200  diam. 

Fig.  666,  Stomata  of  the  leaf  of  JVareiattM  pM«Jo-iVam«mM.  A.  Vertieal  eeetioii  of  the  epi- 
dermal  and  fabjaoent  oells,  paeaing  through  a  atoma,  •:  e,  oatic«lar  pellide  ex- 
tending down  into  the  stomatal  oavity.  B  &  C.  Horicontal  aectaoa  of  the  epi- 
dennia,  PMROg  through  the  plane  of  x  in  A :  B,  aeen  from  above;  C,  leen  from 
below ;  a,  unaJier  epidermal  cells  oorrespoading  in  poaitioa  to  Che  ntfTtnnt^  bat 
remaining  in  their  original  condition.    Magn.  200  <iiiMw 

In  Nerwm  the  stomata  are  on  the  walls  of  pits  or  depressions  on  the 
imder  face  of  the  leaf.    Sometimes  the  stoma  is  fonned  of  four  cells;  and 
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theo  either  in  two  pairs,  as  in  Ftcua  ekuUcOf  or  the  four  cells  form  the 
(joadrants  of  a  circle,  as  in  various  Proteaceae. 

Stomata  are  most  abundant  usually  on  the  lower  sur£ace  of  leaves,  often 
wanting  on  the  upper  surface — except  on  the  floating  leaves  of  aquatic 
plants,  where  thej  exist  on  the  upper  surface,  and  are  absent  where  the 
W  touches  the  water.  They  are  occasionally  found  in  the  interior  of 
oi^a,  as  on  the  rephtm  of  Crucifera  Thev  vary  in  frequencv,  partly 
li^uing  proportion  to  the  size  of  the  cells  of  the  epidermis,  partly  urela- 
tive  to  tnis.  Sometimes  100  will  be  found  in  a  square  line,  sometimes  as 
many  as  1000  to  3000.  On  the  leaf  of  Brastica  Mapa  a  square  line  bears 
l^UO  on  the  upper  face,  3500  on  the  lower ;  Victoria  reffia  1800  on  a 
b{uare  line  above,  and  none  below.    A  few  other  examples  may  be  cited. 

^ftl^J!*^  On  the  lower  face. 

Chezry-Laurel None.  625  to  a  square  line. 

I^urustinus    do.  (525  „  „ 

Dapkfie  Mezereum do.             30  „  „ 

Carnation  250  260  „  „ 

Garden  Flag 80            80  „  „ 

Garden  Rhubarb   7            30  „  „ 

lilac  None.  1000  „  „ 

From  the  researches  of  Duchartre,  Morren,  and  others,  the  following 
conclusions  may  be  drawn,  subject,  however,  to  many  exceptions.  Sto- 
mata  are  more  abundant  in  woody  than  in  herbaceous  plants,  in  leathery 
leaves  rather  than  in  those  of  thinner  texture.  Succulent  leaves  contain 
the  smallest  numbers  of  stomata.  Where  leaves  are  alike  in  texture  and 
colour  on  both  surfaces,  the  number  of  stomata  is  about  equal  on  both 
sides;  when  one  side  is  glossy  and  the  other  dull,  the  stomata  are  most 
abundant  on  the  latter,  £c. 

Form  of  Epidermal  Cells. — ^The  cells  of  the  epidermis  exhibit  a  great 
Tariety  of  forms  in  the  leaves  and  petals  of  Phanerogamia.  It  is  very 
conmTon  for  the  side-walls,  by  which  they  adjoin,  to  be  sinuous  or  zig- 
zagged, often  presenting  very  elegant  patterns  (%.  566),  especially  on 
petals.  The  external  wall  of  the  cells  is  usually  more  or  less  convex ; 
and  in  petals  this  condition  is  carried  further,  through  numerous  grada- 
tions, until  we  find  a  papillose  condition,  arising  from  each  epidermal  cell 
being  produced  above  into  a  little  obtuse  cone. 

Hairs;  Trichomes. — Hairs  and  scales  of  all  kinds,  ** scurf," 
such  as  we  see  in  the  Bromeliaceae  &c.,  depend  on  the  development 
of  the  epidermal  cells.  Simple  hairs  are  merely  single  epidermal 
cells  prodaced  into  a  tabular  filament ;  oell-multiplication  usually 
occurs  in  such  hairs,  so  that  they  present  a  number  of  joints  (fig. 
567,  6) ;  and  not  unfrequently  they  are  more  or  less  branched  (fig. 
567,  c,  d).  Glandular  hairs  differ  merely  in  certain  of  their  cells 
secreting  oils  or  resins  iq  their  cavities  (fig.  567,  /.)  Scales  are 
produced  by  epidermal  cells  growing  out  into  flat  cellular  plates 
instead  of  projecting  filaments.  Thorns,  such  as  those  of  the 
Boae,  the  prickles  of  leaves,  like  those  of  the  Holly,  &c.^  are  epi- 
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dermal  products  ia  which  the  cells  become  thickened  t^  woodv 
secondary  deposita. 
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of  SHvntoim  Bopliia ;  4,  bair  of  gmrdm  Chfjiu- 
w;/.  E*irof  tlietiiilbUg<.«e*iiimfcwith  ■  gUn- 
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Thickening  layen  of  Epiderm-ceUs. — The  moat  renurluble 
diversities  of  condition  of  tejtore  of  herbaceons  organa  depend  on 
the  consistence  which  the  epidermal  layer  acquires.  The  leatherT 
texture  of  evergreens,  the  woody  character  of  the  leaves  of  Coni- 
fers, &e.  depend  chiefly  on  thickening  of  the  wall  of  the  epidemul 
cells. 

In  all  epidermis  exposed  to  the  air,  the  onter  walls  of  the  cellc 
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become  early  strengthened  by  secondary   thickening ;   these  sre 
very  thin  and  slight  in  soft  herbaceous  leaves,  especially  when  aucb 

Slants  are  reared  in  a  warm,  moist  atmosphere.  In  leathery  or 
ard  leaves,  also  in  the  thick  tough  leaves  of  succulent  plants, 
such  as  the  Aloes,  Hot/a  rfigft.  568  &  669),  &c.,  the  secondjirv 
layers  acquire  great  thiciiness ;  and  in  the  epidermis  of  the 
branches  oE  Vitcum  (fig.  570)  the  cells  become  absolutely  filled  up. 
and  the  cells  of  the  subjacent  layer  of  tissue  also  suffer  tbe 
same  change. 
In  the  course  of  this  thickening,  the  miperfidal  l&minw,  exposed  to^tba 
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lit,  become  more  or  leM.chemicallT'  chained,  and  at  the  same  time  fiund, 

a  it  were,  into  a  contiDuous  lajer  aQ  over  the  surface  of  the  oigan ;  and. 

hv  maceration,  or  applying 

ciCric  acid,  we  mar  separate  -it-      >-» 

thb  outer  rtratunT  as  C^n-  ^?-  ^■ 

tinnonasbeet  or  pellicle.  This 

bver,  which  stronglj  resista 

dpcompoeitdon,  is  called  the 

nfiWe  (Bgs.  560  &  571,  a), 

and  is   constituted   by  the 

ihned  oater  walls  tn    the 

cpBa.     It  is  osuallr  blended 

vith  waxj  matenol,  which 

Kmetimes  eiudes  in  the  form 

of  "bloom,"  as  on  the  sur- 

ftceof  some  fruits  and  leaves. 

I'lilike     ceUtdoae,    cuticular 

Mnicturee  are  dissolved  in 

caustic  potash,  but  not  bj 


i;  acid.    Iodine  and 


These   characteris-  ''■"^^^ 
tics  are  ""'jlfl''  to  those  pos- 
»ared  hy  cork.     Antliu  and 
fulphutic  acid,  accordimr  to 
"■— er.do  r-'  --- ^-- 


II  the  inner  buninte 
if  the  secondary  depOHita 
exhibit  pita  like  those  found 
ID  the  walls  of  wood-cells; 
but  this  is  a  very  m«  phe- 


ImotStlltberkt 


ture.the  DTOwinir  extremitiBS        TBttl™l»««lanofepidsfm«l(iell»of  i 

Wn^  clothed  1^  a  whitish  .-'^""^  *•»"«"■   M^W"^ 

c^UulaT  tissue  composed  of 

Kvcral  layeia  of  cells  with  a  delicate  spiral  fibrous  deposit  on  their  walK 

Thia  layer  forms  a  kind  of  coat  over  the  real  epidemus  of  the  root,  and 

ia  kuowD  by  the  Dame  of  the  velatneii  radicum. 

Hjpoderm. — Id  some  cases,  beneath  the  larere  of  epidermal  («1]b 
ue  layers  of  wood-cella  {lelereniAymd)  or  of  elongated  thick-walled 
cells,  like  liber-cells.  These  serve  to  strengthen  the  epidermis, 
■nd  are  called  hypodenual  cells.  They  originate  troni  the 
plerome. 

Cork. — The  young  shoots  of  Dicotyledonous  trees  and  shrubs 
are  clothed  with  epidermis  like  herbaceous  plants  ;  but  before  the 
close  of  the  first  season  of  growth,  in  most  cases,  the  green  colour 
gives  place  to  brown,  which  is  owing  to  the  formation  of  a  layer 
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of  cork  from  the  outer  layers  of  cortical  parenchyma.  The  surface 
of  the  corky  layer  is  usually  rough  and  irregular,  and  it  peels  off 
in  laminse  periodically  in  certain  plants,  being  renewed  by  deve- 
lopment from  the  green  cellular  layer  which  it  covers. 

In  some  plants  the  corky  layer  is  little  developed,  in  othen  very  much, 
as  in  the  Cork-Oak.  In  the  Vine  and  Clematis  the  corky  layer  is  scarcely 
distinguishable  after  the  first  year's  Growth,  as  the  hark  breaMs  away,  down 
to  the  liber,  in  stringy  shreds.  In  Phcum  no  cork  occurs ;  even  in  shoots 
eight  or  nine  years  old  the  epidermis  remains,  but  completely  consolidated 
by  secondary  deposits,  as  noticed  above. 

Cork  is  composed  of  tabular  thin- walled  cells,  containing  only  air, 
closely  arranged  in  rows  at  right  angles  to  the  6ur£M».    The  surface  of 
wounds  in  soft-growing  tissue  is  usually  covered  with  a  layer  or  lajers  of 
cork-cells,  which  form  a  sort  of  defence  to  the  wounded  tissues.     In 
chemical  and  physical  properties,  cork  closely  resembles  the  cuticular 
substances  just  mentioned.     Cork-cells  are  formed  from  a  special  set  of 
cells  constituting  the  cork-cambium  or  pheUoffen,    The  cells  divide  hori- 
zontally or  parallel  to  the  surface,  but  always  in  such  a  manner,  that  of 
two  newly-formed  cells  one  remains  full  of  protoplasm,  with  chlorophyll 
contents  &c,  while  the  other  is  transfoimed  into  a  permanent  oork-C(^. 
The  formation  of  cork,  however,  varies  in  different  cases,  and  is  sometimes 
of  a  very  complex  character.  According  to  Sanio,  Kauwenhoff,  and  Veeque, 
the  growing  cork-cells  grow  on  the  outer  or  on  the  inner  side  of  the 
fheUogen  or  cork-cambium,  the  formation  being  centrifugal  in  the  former 
instance,  centripetal  in  the  latter.    In  other  cases  the  ^wing  cork-cells 
are  placed  on  both  sides  of  the  phellogen.    But  in  this  latter  case  it  is 
only  the  outermost  cells  of  each  layer  of  the  phellogen  which  become 
truly  corky  ;  the  inner  cells  in  both  cases  retain  their  cellolose  charac- 
teristics, and  become   filled  with  chlorophyll,  forming  an  herbaceous 
envelope.    Vesque  has  proposed  that  the  term  periderm  be  applied  to 
the  whole  of  the  cork-cells  produced  by  the  phellogen ;  some  of  these 
cells,  as  above  described,  become  subenfied,  or  converted  into  passive 
cork-cells,  while  others  retain  their  active  <maiacter  and  constitute  the 
herbaceous  envelope.    The  periderm  layers  occur,  not  only  singly,  but  in 
separate  groups  at  different  depths  in  the  bark,  causing  the  ezlonation  of 
plates  or  rings  of  bark,  to  which  the.name  rhyttdome  has  been  given  by 
Von  Mohl  and  Hanstein. 

Iientloels  are  small  local  formations  of  cork-cells  occurring  on  young 
shoots  in  the  form  of  little  warts.  The  cork-cells  are  formed  breath 
portions  of  the  tissues  which  are  decaying  or  dead,  and  which  surround 
the  cavities  beneath  the  stomata.  Similar  formations  are  consequent  upon 
the  formation  of  cracks  in  the  epiderm,  the  object  being,  in  both  cases, 
to  afford  protection  to  the  denuded  tissues  (Tr^ul). 

Uber. — Every  fully  developed  fibro-vascular  bundle  consists,  as  above 
said,  of  liber,  cambium  or  generating  tissue,  and  wood  encircled  bv  celhilar 
tissue.  The  liber  Tphloem)  part  of  the  bundle  isdistinguished  from  the  woody 
(xylem)  part  oi  the  bunole  by  its  position  outside  the  cambium,  by  the 
larger  size  of  its  woody  fibres,  their  different  chemical  properties,  and 
especiallv  by  the  presence  of  latticed  or  sieve  cells,  &c.  The  unlignified 
liber-cells  (called  also  soft  bait  cells)  contain  albuminoid  matezials,  proto- 
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plasm,  &Cy  for  the  nutrition  of  the  plant,  and  their  walls  have  a  cellulose 
n^ction,  become  blue,  not  yellow,  oy  addition  of  iodine  and  sulphuric 
Acid,  &c. 

The  ordinary  position  of  the  liber  has  been  above  stated,  but  it  may  also 
occnr  in  the  interior  of  the  bundles,  in  the  medullary  sheath  (»ee  Anatomy 
of  Stems),  even  in  the  midst  of  the  wood.  The  liber,  once  formed,  may 
cease  to  grow,  or  it  may  retain  more  or  fewer  cells  still  endowed  witn 
tie  property  of  dividing. 

The  Aerial  System. — ^In  most  parenchymatous  tissues  of  the 
higher  plants  we  find  the  cells  so  disposed  as  to  leave  passages  of 
greater  or  less  capacity  between  them,  which  passages  are  usually 
found  filled  with  air,  apparently  secreted  from  the  contents  of  the 
celJs.  In  imperfect  parenchyma  (fig.  521)  these  ititercellultir 
jxissages  occupy  a  very  considerable  portion  of  the  space  filled 
by  the  tissue,  and  they  intercommunicate  in  all  directions.  The 
^ngiform  cellular  substance  of  leaves  is  traversed  by  large 
passages  of  this  kind  (fig.  585),  expanded  in  many  places  into 
air^paceSy  forming  a  continuous  system  of  cavities,  which  are  in 
direct  communication  with  the  external  air  by  the  stomata.  When 
stellate  cellular  tissue  exists  (fig.  521),  the  air-spaces  are  very 
extensively  developed. 

No  intercellular  passages  or  spaces  exist  in  voung  tissues ;  they  are 
sahsequently  formed  bj  the  cells  separating  from  each  other  as  they 
fcxpand,  and  excreting  aur  into  the  interspaces. 

Atr-canals  are  long  tubular  channels,  in  petioles  (Nymphse- 
ace®)  or  stems  (Hippuris,  Potamogeton,  &c.),  bounded  by  a  cellular 
wall,  and  generally  arranged  in  a  definite  manner  in  the  organs  in 
which  they  occur.  They  are  sometimes  continuous  through  long 
tracts  of  the  stems  or  petioles  (Nymphaeaceae),  or  they  are  sub- 
divided into  chambers  by  cellular  diaphragms  occurring  at  intervals 
(petioles  of  Mtisa,  stem  of  Hijopuris,  Mi/riophyllum,  &c.). 

Lacurue  are  formed  by  this  cellular  tissue  being  torn  down  and 
destroyed  by  expansion  of  the  surrounding  tissue ;  examples  of 
this  occur  in  the  fistular  stems  of  Umbelliferae,  which  when  young 
have  a  solid  pith ;  but  this  is  torn  away  by  the  expansion  of  the 
crhnder  of  fibro-vascular  bundles,  and  leaves  a  tubular  cavity.  The 
hollow  stems  of  Grasses,  of  Equisetace®,  &c.,  originate  in  the  same 
way. 

Seeretory  System. — The  structures  in  which  are  found  the 
substances  usually  called  the  secretions  of  plants  consist  of  latici- 
ferom  vessels  (see  ante^  p.  513),  glands,  reservoirs  and  canals  for 
pecidiar  secretions  (resins,  oils,  <&c.),  and  the  so-called  milk-vessels. 
They  for  the  most  part  occur  only  in  particular  plants  or  particular 
organs,  and  present  many  special  modifications  in  different  Natural 
Orders,  occurring  on  the  surface  or  imthe  interior  as  single  cells  or 
in  groups,  or  as  simple  or  branched  tubes,  or  in  layers,  but,  how- 


524  FHTSIOLOOT. 

ever  different  in  appearance,  always  forming  and  storing  or  con- 
veying hydro-carbonaceous  secretions. 

Glands  are  the  structures  of  this  kind  most  frequently  met  with, 
and  they  are  generally  connected  in  some  manner  with  the  epider- 
mal tissue.  Glands  may  be  divided  into  simple  and  compound, 
and  also  into  external  and  internal. 

Simple  external  glands  are  in  most  cases  glandular  hairs ;  i.  e.  the  ter- 
minal cell  (or  cells)  of  a  jointed  hair  is  expanded  or  filled  with  oil  or 
other  secretion.  Of  this  nature  are  the  glands  of  the  foliage,  fioweiSt 
&c.  of  many  Labiatee,  ScrophulariaceaB  (fig.  567,  f),  &c. 

Simple  internal  glands  are  mostly  isolated  cells  of  the  layer  imme- 
diately subjacent  to  the  epidermis,  as  in  the  leaves  of  Begonia^  lAfsi- 
machta  vulgaris,  the  petals  of  Magnolia,  &c  Such  glands  occur  also  in 
the  leaves  of  Lauracese.  The  cystoUthes  of  Urticacesd  are  related  to 
these  (p.  506). 

Compound  external  glands  are  sometimes  hair^like  growths  from  the 
epidermis^  or  from  the  deeper  tissues,  from  whiq^  they  form  outgrowths 
(jDrosera),  The  summit  or  the  base  (^DictamnuSy  fig.  567,  a)  is  sometimes 
developed  into  a  cellular  nodule,  the  cells  of  which  either  contain  the 
secretion  or  surround  a  large  central  cell  filled  with  it.  Other  superficial 
glands  form  papillae  of  various  shapes,  in  like  manner  either  whollr 
formed  of  secreting  cells,  or  with  a  central  reservoir,  as  in  the  Hop, 
Begoniacead,  Rosacese,  LeguminossB,  &c. 

Compound  internal  glamds  are  commonly  reser-  Fig.  572. 

voirs  surrounded  by  a  special  layer  of  cells,  Iving 
just  beneath  or  sometimes  rising  in  a  dome  s£ape 
a  little  above  the  surface  of  the  epidermis.  Ex- 
amples of  this  occur  in  the  leaves  of  Bxda  Tfig. 
572),  rind  of  the  fruit  of  Oranges,  Lemons,  &c., 
leaves  and  stems  of  HypericacesB,  Myrtacem,  &c. 

None  of  these  glan(]^  nave  excretory  ducts  like 
the  glands  of  animals.  In  many  cases  the  secre- 
tions exude  through  the  membrane,  and  give  a  ^"1*^'^|^*y***^^j2 
peculiar  character  to  the  surface  of  the  organs  in  ^'  jeJte  *poeM<M«. 
which  they  are  found.  A  very  general  form  of  M«gn.  60  diam. 
secretion  of  this  kind  is  the  exudation  of  saccharine 
fluid  from  the  superficial  cells,  very  common  at  the  base  of  petals  and 
ovaries,  on  the  stigma,  and  sometimes  on  leaves  or  at  particular  points  of 
the  lower  surface  of  the  leaves,  as  of  Ti^vnus  Laurocerasus,  the  lAums- 
tinus,  and  other  shrubs.  (For  fuller  information  on  these  subjects,  the 
memoirs  of  Tr^cul,  Van  Tieghem,  and  Martinet  should  be  consulted.) 

Stings  are  a  form  of  glands,  consisting  of  a  long,  stiff  and  pointed 
hair  expanded  into  a  bulb  at  the  base  containing  the  poison.  This 
bulb  is  surrounded  by  a  layer  of  cells  derived  from  the  epidermis, 
which  by  their  tension  exert  a  certain  pressure,  whence  it  results  that 
when  the  point  of  the  stinging-hair  is  broken  off,  the  fluid  is  pressed 
out  from  the  orifice. 

Reservoirs  for  peculiar  secretions  may  bQ  regarded  as  a  higblj 
developed  form  of  the  internal  glands.    They  consist  of  tub^ 
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without  any  proper  lining-wall,  but  surrounded  by  thin-walled 
tvUs  fiUed  with  resin  and  other  secretions  more  or  less  devoid  of 
oiTgen,  and  which  are  poured  into  the  cavity  lying  in  the  midst 
of  the  parenchyma,  or  in  the  liber  and  wood,  parallel  with  the 
fibro-vascular  structures.  Similar  reservoirs  exist  in  the  roots  of 
Bhabarb,  in  the  leaves  of  Aloes,  &c.,  in  varying  positions.  The 
cells  which  bound  the  cavities  sometimes  grow  and  project  into  them, 
more  or  less  filling  them  up. 

Sect.  4.  Intsbnal  An^atomy  of  Oboaks. 

All  young  plants  are  composed  of  cellular  tissue  alone ;  and  the 
Thallophytes  never  acquire  any  of  the  more  highly  developed 
'*s?8tem8'' which  we  meet  with  in  full-grown  Flowering  Plants 
and  the  higher  Cryptogamia.  In  the  sfcems  of  the  latter,  the 
"* systems"  present  special  modes  of  arrangement,  respectively 
characteristic  of  the  great  Classes.  In  embryo  plants  the  tissues 
have,  according  to  Hanstein,  a  three-fold  origin  in  dermatogen, 
periblem,  and  plerome  (see  ante,  p.  515);  and  these  three  layers 
are  distinguishable  before  even  the  formation  of  the  cotyledons. 
Famintzin  considers  them  identical  with  the  embryonic  layers  of 
the  animal. 

The  more  or  less  uniform  condition  of  the  tissues  in  the  Thallophytes  is 
connected  with  great  simplicity  in  the  physiological  processes  of  vegeta- 
tion and  growth ;  while  m  the  higher  plants  the  difference  of  internal 
organization  is  accompanied  by  important  diilei'ences  in  the  modes  of 
development  of  the  axis.  It  would  cause  us  to  exceed  oiu'  Hmits  very 
widely  to  enter  into  minute  details  of  the  internal  structure  of  the  organs 
>jf  vegetation  of  plants  generally  ;  but  it  is  requisite  not  only  to  give  a 
^reneral  sketch  oi  the  plan  of  organization,  but  to  describe  some  of  the 
more  important  modifications  met  with  in  the  higher  Classes. 

Stmctiire  of  Stems. — ^As  a  general  rule,  plants  possessing  stems 
and  leaves  exhibit  in  their  stems  a  definitely  arranged  fibro-vas- 
eular  system,  the  bundles  of  which  send  ofE  branches,  or  pass  off 
themselves  entirely,  to  form  the  ribs  and  veins  of  the  leaves.  The 
young  stem  is  made  up  of  wood-cells  and  vessels,  placed  the  one 
within  the  other,  superposed  in  rays  and  surrounded  by  connecting 
cellular  tissue.  The  same  axial  system  furnishes  below,  directly 
or  indirectly,  the  bundles  which  constitute  the  woody  central  mass 
of  roots,  in  which  originally  the  Uber  and  the  vessels  are  placed 
side  by  side. 

MotMs. — The  simplest  form  of  the  fibro-vascular  system  is  seen  in  the 
Mosses  (p.  431),  where  a  cord  of  prosenchymatous  tissue  runs  up  the  centre 
of  the  thread-like  stem,  and  in  some  cases  sends  off  branches  to  the  leaves. 

LToopodiftoeflk — ^In  the  Lycopodiace»  (p.  423)  the  axis  of  the  stem  is 
occuped  by  one  or  more  parallel  fibro-vascular  bundles,  containing  spiral 
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and  scalariform  vessels,  surrounded  by  parenchyma.  The  bundles  are 
regularly  developed  onwards  with  the  growth  of  the  point  of  the  stem, 
sending  off  lateral  branches  of  spircu  vessels  where  leaves  arise,  but 
undergoing  no  change  after  the  intemode  in  which  it  lies  is  once  formed. 

SqniMtaoeflB. — ^In  the  Equisetaceie  (p.  417)  a  ring  of  isolated  fibro- 
vascular  bundles  exists  in  the  periphery  of  the  aerial  stem,  surrounded  by 
liber-cells  and  parenchyma ;  these,  again,  are  closed  bundles,  and  grow 
only  at  their  points  as  the  stem  elongates.  The  constituent  vesseLi  are 
spiral  or  annular.  The  epiderm,  and  specially  its  hvpoderm,  fibres  are 
highly  developed.  The  Equisetaceie  are  the  only  plants  known  who^ 
buds  originate  deep  in  the  substance  of  the  stem. 

FillceB. — In  the  Ferns  (p.  419),  where  the  stem  acquires  greater  di- 
mensions, we  find  a  number  of  fibro-vascular  bundles  standing  in  an  ir- 
regular circle,  surrounding  a  central  cellular  axis,  and  extemallv  sur- 
rounded by  a  kind  of  rind  (liber)  containing  sieve  tubes.  The  bundles  do 
not  run  straight  up  the  stem,  but  in  waved  curves ;  and  they  anastomose 
laterally  and  separate  again,  leaving  wide  passages  of  communicadon 
between  the  central  parenchyma  and  the  rina  (fig.  573).  The  branches 
of  the  bundles  going  to  supply  the  leaves  are  ^ven  off  at  the  anastomoses 
of  the  main  bundles ;  and  the  bundles  running  into  the  (adventitious) 
roots  arise  at  similar  places.  The  bundles  of  the  stem  have  only  indirect 
connexion  with  those  that  pass  to  the  leaves,  so  that  in  leafless  parts  of 
the  stem  the  arrangement  is  the  same  as  where  there  are  leaves  present. 
These  bundles  are  closed,  and  therefore  the  stems  never  alter  in  dimen6ioii.s 
when  once  formed.  In  cases  like  that  of  Angiopteris  evecta,  where  the 
stem  is  reduced  to  very  small  proportions,  there  are,  according  to  Metteniu^, 
three  zones  of  fibro-vascular  oundles,  one  within  the  other,  and  connect^ 
by  intervening  net-like  bundles.  It  was  formerly  supposed  that  vesf«k 
oif  the  scalariform  type  were  the  only  ones  that  occurred  in  Ferns ;  but  it 
is  now  well  known  tJiat  spiral  and  annular  vessels  also  occur,  eapecidljin 
the  younger  portions. 

All  the  above  forms  of  the  stem  are  characterized  by  having  their 
fibro-vascular  bundles  when  complete  destitute  of  cambium,  hence  called 
closed  (p.  516).  Thev  are  developed  only  at  the  point  From  this 
circumstance,  these  higher  Cryptogamia  are  often  called  AcrvgeMy  or 
Acrcbrya  (point-growers). 

Honocotyleaona. — The  stems  of  Monocotyledonous  plants  have  a  veir 
different  or^nization  from  the  above.  The  most  strildng  peculiarity,  at 
first  sight,  is  the  isolation  of  the  fibro-vascular  bundles,  which,  as  a  rule, 
anastomose  but  slightly  in  any  part  of  their  course  through  the  stem,  and 
are  scattered  singly  in  the  parenchyma  of  the  stem  (fig.  574).  Another 
important  circumstance  is,  that  thev  pass  entirely  into  the  leaves  at  their 
upper  ends  (fig.  575,  a),  while  at  their  lower  extremitiea  they  approach 
the  surface  of  the  stem  and  anastomose  with  their  fellows  to  form  a  more 
or  less  developed  fibrous  network,  separating  the  rind  or  cortical  paren- 
chyma from  the  central  fibrous  part  of  the  stem.  It  is  from  this  net^  ork 
that  the  fibro-vascular  axes  of  tne  (adventitious)  roots  are  derived  {^• 
576,  6). 

The  stems  of  Monocotyledons  are  very  generally  herbaoeons,  and  thus 
present  very  important  varieties  of  form^'arising  from  non-developme&t  of 
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btemadee,  according  to  regul&r  pious.  These  modifications  disguise  the 
Sractore ;  but  it  may  be  i«adi]j  understood  bj  means  of  diagrammatic 
Qliutiations  of  some  of  the  principnl  forms. 


The  fibro-vaBcnlsT  buodlefl  of  Monocotyledon  (tig.  ^73)  boing  of  the 
dfjinitr  or  cloied  Mod  (p.  616),  they  acquire  their  full  development  in  each 
intenode  before  thateaves  to  which  they  belong  fall :  And  hence  the  stems 
if  this  class  do  not  increase  in  diameter  as  a  genernl  rule,  but  have  a 
c<ihimnar  character  when  they  form  woody  trunks.  But  there  are  ex- 
ctptjoiw  to  this  rule. 

It  has  just  been  stated  that  the  fibro-vascular  bundles  terminate  below, 
»4r  the  peripbery  of  the  stem,  and  there  form  a  more  or  less  evident  net- 
work of  fibres ;  this  network  constitutes  a  kind  of  sheath  round  the  gene- 
ral mass  of  the  stem,  and  is  itself  covered  by  a  more  or  less  developed 
nad  or  cortical  parenchyma  (fig.  676,  b).  The  tissue  in  the  resion  of  the 
libro-vascular  network,  or^fibrSiu  layer,  remains  in  most  cases  m  the  con- 
dition of  cambium,  as  we  see  adventitious  roots  readily  formed  in  this 
•Jtuation.  In  Dracana^  Yucca,  and  some  other  woody  Monocotyledons 
thn  9lem  becomea  increased  in  thickness  with  the  age  of  the  tree,  by  the 
fonnatioDof  layers  of  liber-like  prosenchyma  in  thia,;Uroui  layer  pushing 
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the  rind  outward.     The  origiaal  Fig.  S79. 

(WDtr&l  tibro-vaacular  ayetem  of 
the  stem  renmina  unaltered. 

The  r^un,  at  the  junction  of 
the  cent^  ajid  corticai  paren- 
chymas, where  the  fihra~rascul&r 
bundlea  terminate  should  per- 
haps be  called  a  aambium-regtoa, 
dnce  the  cellular  tissue  atuated 
here  retains  its  develo^iental 
power  in  many  cases.  The  es- 
sential difference  between  this 
and  the  cambium-ring  of  Dico- 
tyledons depends  on  the  fact  of 
its  not  coinciding,  in  a  parallel 
arrangement,  with  the  cambiiun- 
rc^on  of  the  fibro-vaacular  bun- 
dles, but  with  the  extremUie*  of 
the  bundles,  which  always  re- 
main isolated  from  each  other. 
a  layers  of  fibrous 
.  Draixeim  Sec.  are 
formed  in  hke  manner  of  isolated 
bimdles  imbedded  in  parenchy- 
ma ;  they  are  unconnected  with 
the  old  bundles  of  the  primary 
axis,  but  are  continuous  above 
with  the  loicer  enda  of  bundles  be- 
longing to  the  braaiAa  oocuning 
in  these  stems. 

The  stems  of  herbaceous  Mo- 
noco^ledons  have  the  fibro-vas- 
cular  system  always  in  the  form  of  "stringy"  fibres  imbedded  in 
succulent  parenchyma ;  and  in  those  perennial  stems  of  the  Class  whii'h 
acquire  a  solid  woody  structure  the  ligneous  character  depends,  nut  on 
the  fibro-vascular  system,  but  on  the  general  parenchyma  of  tbe  etrni 
having  its  cells  ligniSed  (sclerenchyina),  of  which  we  have  examples  Id  tbe 
Cocoa-nut  and  other  Palms,  in  the  Usmboo,  &c. 

The  rind  of  the  Monocotvledonoiw  stem,  totally  different  from  true  barii 
is  generally  little  developed.  On  herbaceous  stems  it  ia  a  mere  epiderans; 
but  on  fleshy  rhizomes  it  somedmes  acquires  con^derable  thickuee^  snd 
is  then  found  to  be  composed  of  spongiform  parenchyma,  with  lai^t  i"^ 
canities,  the  whole  bounded  externally  by  a  few  layers  of  tabular  paren* 
cbyma  with  a  corky  outer  surface. 

A  certain  number  of  forma  occur  aberrant  from  the  type  above  describe"!. 
In  Aloe  the  fibro-vascular  bundlea  are  so  arranged  as  to  form  a  tind  of 
cylinder,  separating  a  central  from  a  cortical  parencbrma.  In  the  tjnii- 
laceta,  Dioscoreaces,  and  some  other  Orders,  the  rhizomes  imitale  ftjil 
more  the  Dicotyledonous  arrangement  (  for  not  only  do  the  bundles  &»rA 
iu  circles,  they  (lo  not  pass  wholly  offinto  the  leaves,  but  run  cootmuoiL-Jt 
through  the  structure.    Still  there  is  no  periodical  icBuniptioQ  of  actiTiij 
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in  the  bundles,  na  in  the  Di cotyledons.  In  Tradeieantia,  and  in  tlie  Grasses 
lis.),  aasBtomoaes  of  the  isolated  fibres  take  place  at  tbe  nodes  of  tiie  stem. 

DiMtriedonoiu  SMnu.— The  Btenw  of  Dicotyle-  _.       __ 

diina,  and  of  Conifers  which   agree  in  the   main  ^'?'  °''- 

points,  are  at  first  of  Tery  simple  Btmcture.  almost 
ftienibling  those  of  the  Ferns ;  but  their  fibro-vas- 
tulitr  bundles  bein^  of  the  open  or  indefinite  kind, 
tipsMe  of  lateral  growth  by  addition  of  new  ele- 
rnvnts  season  after  season  in  their  outer  regions,  the 
full-grown  stems  depart  widely  from  the  preceding 


lit't  jetf  of  growth,  as  theformation  of  annual  layers 

iis  phenomenon  to  which  there  is  nothing  corre- 

epondent  in  the  other  Cl&sseB  (eiceptint;  Couifers). 
When  a  young  herbaceous  stem  of  a  Dicotyledon 

U  cut  across,  we  find  the   fibro-Tascular  bundles 

tlauding  in  a  circle  round  a  central  parenchimatous 

iDias,  the  pith,  tind  enveloped  by  a  cellular  nnd  (fig. 

■'.~j.    The  bundles  run  in  tolerably  straight  vertical 

nurses  and  anastomose  freely ;  a  certain  number  of 

bimdles  are  distributed  to  each  leaf- 
As  the  stem  increases  in  age,  each  fibro-vascular 

trjodle  forms  a  wedge-shaped  mass  of  wood  (fig. 

S7^)  by  development  of  the  inner  part  of  the  cam-   Di,g„ni  of  the  tmjige- 

Isum-tegjon,  and  at  the  same  time  a  laver  of  liber      mmtof  iKoflbro-inmi. 

« the  extreme  outer  ride,  neit  the  bark.     At  the      ^"i3''i'D'itltJkdo^ 

cloje  of  the  first  season,  therefore,  we  have  a  central 

£(  (fig.  &78.  b),  immedistely  bounded  by  the  vascular  portion  of  the 
Miles  (called  the  medaUaiy  theath)  [m  »),  from  which  pass  the  vessels 
1 1  supply  the  leaves ;  next  come  the  wedges  of  wood  (if),  formed  of  pro- 
wnclijnBa  (pr)  and  ducts  (d,  d)_  in  most  Dicotyledons,  of  prosenchyma 
>bue  in  Conifers,  which  passes  into  the  cambial  or  geoerotin^'  l&yer  ( c) ; 
ind  this  is  continuous  outside  with  the  AAer-bundlfs  (Ot  corresponding 
'o  the  wedges  of  wood :  the  liber-fibres,  like  the  inner  vam^ular  elements, 
ifnA  branches  to  form  part  of  the  ribs  of  the  leRves. 

Tbe  fihro-vsecular  bundles,  standing  nde  by  side,  do  not  become  abso- 
luh^ly  united,  but  are  separated  by  thin  plates  of  compressed  cellulHr  tissue, 
nuimng  out  from  the  pith  to  the  cortical  parenchyma ;  these  plates  are 
filled  medulUtry  ray»  (fig.  1)70), 

The  liber-portions  of  the  bundles  are  associated  with  rows  of  clathrate 
nils  (p.  467),  and  frequently  with  iatei-cFuials  (p.SlS),  and  they  are  sur- 
'junded  by  a  layer  of  parenchyma,  composed  of  cells  filled  with  sap  and 
containing  chlorophyll,  the  herbaceous  or  cetluiar  envrlopt  (lig.  578,  c  p) ; 
snd  this  la  protected  externally  bv  the  dry  taberoua  layer  («  t),  whii  h 
succeeds  to  the  epidermis  when  tne  herbaceous  shoot  bc^uIks  a  woody 
character. 


i«atloii>. — Many  special  modifications  of  the  above  type  are  met 
IMcotjIedons.  In  the  Pipemcem  there  is  a  kind  of  double  con- 
circle  of  fibro-vascular  bundle.^  the  inner  dicle  supplying  the 
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leftves,  but  not  posaeMed  of  k  cambium-regioD ;  while  tlio  outer  circle  a 
of  the  ordiimry  open  or  unlimited  cbai«ct«r.  In  the  Sapindacen,  Maliii- 
ghincese,  Knd  some  other  Orders,  put  of  the  fibro-vnaculsi  bundles  Kmiiin 
sepantts  from  the  priocipol  circle,  ond  lay  the  foundnitioi)  of  a  number  d 
Bocondary  cylinders  of  wood  enclosed  by  a  common  bark ;  this  pheno- 
nteuoD  may  bo  wall  observed  in  GUycaiUhag,  where  a  square  form  of  the 
stam  results  from  four  fibrovescular  bundleBremainingfreefromtbecentnl 
cylinder  of  wood  in  this  way.  In  the  Nymph»aceiB  we  find  a  very  iber- 
rant  condition :  tbe  fibro-vuculsr  bundles,  formed  of  vessels  and  psien- 
chymatoos  cells  alone,  without  wc.od,  are  quite  isolated,  destitute  of  wt- 
ii'um,  and  form  a  complicalod  interlacement  closeW  resembling  thst  «- 
rurriug  in  Monocotyledons — there  being  no  distinction  of  pith  tUkd  medul- 
lary rayt>,  and  no  bark. 

Fig.  67a 


rPlue-Dvc)  of  on*  jar*!  growth.    A.  Tru>"^ 
UjFTof  the  bu-k;  fp,  oorlirMl  pAmc^fn^ ' 


mednUJHjihFithoftpinlTHKlj;  p.(rilh.    The  ^ — ' 

bvk,  thoip  mirki:d  vUithe  wond.    In  A.thibu 
by  BniedDlluTnj.cuUDiiiKrtam  Urn  pith  Id  Ihc 

A  still  more  frequent  source  of  diTersity  lies  in  the  varied  DSlnrtSj"! 
modo  of  arrangement  of  the  elements  of  tltewooit  In  the  Plane  (fi|r.5l^^ 
we  see  the  spiral  and  annulei  vessels  succeeded  by  a  body  of  prraencbyi'", 
in  whioh  are  scattered  large  pitted  ducts.  In  the  HaKel  and  Alder  tbf* 
ducts  are  far  more  numerous,  as  they  are  also  in  the  Lime.  In  llie  Ou 
the  prosenchymstouM  cells  are  very  small,  and  become  greatly  thiclffn* 
but  the  duet*  are  large.  The  Bon  has  very  small  and  dense  prosencbjn"' 
cells  and  few  and  small  ducts.  In  the  spongy  wood  of  the  Bombacf*  Im 
prosenchyma  ia  almost  wholly  replaced  by  thin-walled  paienchym*- 
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In  the  Conifene  there  is  a  total  abeence  of  dacte,  the  wood  being  formed 
fxcluflively  of  prosenchyma  with  the  peculiar  bordered  pits  (lig.  oS7),  or, 
u  in  Taxua,  with  both  pits  and  a  spiral  fibre  (fig.  542). 

AnniiAl  growth  of  Rings. — ^With  the  commencement  of  a  second  season 
of  jrrowth,  a  Dicotyledonous  stem  begins  ^to  acquire  its  especial  peculiari- 
ties. When  the  inds  open  to  produce  new  shoots,  cell-division  recom- 
mences in  the  cambium-region  of  the  old  bundles,  and  an  additional  layer 
of  wood  is  added  gradually  during  the  season  to  that  formed  the  year  be- 
fon*.  Season  after  season  this  process  is  repeated,  and  thus  the  cross 
sections  of  the  stems  present  a  series  of  concentric  laminte  of  wood  corre- 
jiponding  to  the  number  of  seasons  during  which  the  stem  has  existed 
i  rijfs.  579  &  580). 


Fig.  579. 


Fig.  580. 


Plf(.  579.  Diamms  of  croM  sectiontof  a  one*7ear(A),  two-year  (fi),  and  three-yeur old  (C) 
fiicotyledonooa  ■tem,  or  of  the  branches  1,  2,  and  3  of  fi^.  580.  The  letters  to  A 
indicate: — 6,  snberoiu  layer;  «,  oellolar  enTelooe mnning  into  the  black  medul- 
lary rajrs;  4  iiber;  e.  cambiam-renon;  n,  wood;  p,  medullary  rays ;  m,  medul- 
lary sheath  of  spiral  ressels ;  p,  pitn.  The  flgnres  to  C,  1, 2, 3,  mark  the  wood  and 
liber  belonginf^  to  the  Ist,  2&d.  and  3rd  vear. 

Fig.  J80.  Diagram  of  a  Tertioal  section  of  a  Dicotyledonous  item  3  rears  old,  with  3  branches 
marked  1. 3, 3,  indicating  the  ase  in  years  of  the  brancn  and  the  intemode  below 
it.  The  figures  below  denote  uie  ages  of  the  layers  of  liber  sjod  wood ;  f>,  pith ; 
e,  cambium ;  m,  medullary  sheath ;  w  e,  layers  of  wood ;  l,  layers  of  hber ; 
b,  cellular  and  corky  layer  of  bark. 

The  concentric  lamellae  of  wood  in  Dicotyledons  are  really  anmud  rings 
ui  must  trees  of  temperate  climates.    In  the  tropical  trees  it  firequently 

2^2 


532  FUTSI0L06Y. 

happens  that  more  than  one  ring  is  formed  annually.  In  our  own  trees 
an  interruption  to  the  vegetation,  such  as  is  caused  by  an  accidental  de- 
foliation during  the  summer,  produces  additional  annular  markings.  In 
the  common  Beetroot  several  rings  are  produced  in  one  season. 

In  some  tropical  trees  (Malpighiaceae)  the  concentric  circles  are  not 
very  clearly  marked )  in  others  they  are  even  separated  by  a  distinct  layer 
of  parenchyma.  In  the  Bignoniacese  it  is  common  to  find  the  wood 
divided  into  four  large  portions,  separated  by  wedge-shaped  cortical  struc- 
tures, giving  in  the  horizontal  section  the  form  of  a  cross.  The  old  stems 
of  such  plants  as  the  Sapindacese  &c.,  above  referred  to,  with  isolated 
bundles  outside  the  central  woody  cylinder,  acquire  very  anomalous 
forms  with  age,  since  each  collection  of  fibro- vascular  bundles  is  developed 
annually  in  its  cambium-region,  and  hence  the  stem  assumes  the  appear- 
ance of  several  stems  enclosed  in  a  common  bark.  In  Cycads  more  than 
one  year  is  required  to  complete  a  woody  zone ;  thus,  in  veiy  old  stems 
of  Cycads,  only  a  few  rings  are  seen  surrounding  a  voluminous  pith. 

Heart-wood  mid  Sap-wood. — As  woody  trunks  increase  in  size,  the 
older  parts  of  the  wood  frequently  go  on  increasing  in  density  by  the  for- 
mation of  secondary  layers  in  the  cells  of  the  prosenchyma ;  thus  the  old 
central  wood  becomes  more  solid,  forming  what  is  called  the  dttratncn 
or  heart'vuoodj  which  is  sometimes  deeply  coloured  by  chemical  chants 
or  secretion  of  various  substances,  as  we  see  in  Ebiony,  Lignum  Vit^, 
&c.  The  young  external  layers  of  wood,  in  which  the  ascending  current 
of  fluid  passes  freely,  is  called  the  alburnum  or  sap-wood.  The  cheniicnl 
and  physical  changes  which  take  place  as  the  sap-wood  passes  into  the 
state  of  heart-wood  have  been  previously  alluded  to. 

Origin  of  the  Flbro-vaacular  Bundles. — The  fibro-vascular  systems  iif 
the  branches  of  Dicotyledons  originate  independently  in  the  bud  frum 
the  procanibium,  but  soon  become  blended  with  those  of  the  parent  axis, 
with  which  their  layers  of  increase  become  uninterruptedlv  continuous. 
When  a  branch  is  oroken  ofi*  short,  leaving  no  buds  upon  it  to  continue 
its  growth,  it  becomes  surrounded  and  ultimately  entirely  enveloped  by 
the  succeeding  annual  layers  of  wood,  and  in  this  way  forms  a  *^  knot.'' 
The  numerous  small  knots  of  the  wood  of  Pinus  sylvestris  arise  from 
certain  of  its  branches  being  broken  ofi  while  small. 

Pith. — ^The  pith  or  medulla  consists  of  parenchymatous  tissue,  GUvd 
with  nutrient  matters,  stored  up  for  the  use  of  the  growing  tissues.  It 
is  of  most  service  in  young  twigs,  and  becomes  more  or  less  inert  in  after- 
life, and  often  disappears  as  the  wood  grows.  It  exists  either  as  a  con- 
tinuous cylinder,  or  is  broken  up  into  disks  separated  by  cavities  one 
from  the  other,  as  in  the  Walnut.  The  cells  of  the  pith  contain  starcb. 
or  crystals,  or  simply  air.  In  some  cases  some  of  the  cells  of  the  pith 
retain  their  vitality  longer  than  others,  so  that  there  is  an  admixture  of 
living  and  dead  ceUs ;  and  in  this  way  the  differences  in  the  pith  may 
even  serve  to  distinguish  certain  genera  one  from  the  other  (Giis).  Occa- 
sionally it  is  more  or  less  completely  lignified. 

Medullary  Rays. — ^The  medullary  ray$  (fig.  579,  A)  which  separate  the 
primary  bundles  are  developed  in  the  cambium-region  with  the  yearly 
layers  of  wood,  and  always  extend  to  the  cortical  parenchyma ;  in  the 
layers  of  succesidve  years  the  new  elements  of  the  wood  separate  into 
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paroeb  divided  by  secondary  medullary  rays  {^^,  679,  B,  C),  which  are 
repeated  in  ea<;h  Buccessive  season.  The  course  of  the  tibro- vascular 
bandies  being  slightly  sinuous,  from  their  lateral  anastomoses,  the  medul- 
lary rays  hare,  singly,  no  great  vertical  dimensions ;  and  their  transverse 
diameter  varies  in  different  cases.  Their  cells  become  lignified  in  heart- 
vood. 

Uber^ — The  liber  (for  an  account  of  the  construction  of  which  see  on^, 
p.  517)  is  usually  formed  in  successive  thin  laminae  composed  of  slender 
Lterally  anastomosing  bundles  of  libe^cells ;  and  in  some  plants  these 
kinioae  are  separated  by  layers  of  parenchyma  or  periderm,  so  that  the 
lib-ir-structure  of  old  stems  may  be  split  into  its  annual  layers.  In  some 
ftems  the  liber  ceases  to  grow  after  the  fii-st  season. 

llie  hast  of  which  Russia  matting  is  made  consists  of  the  separate 
liber-layers  of  the  Lime-tree.  The  "  kce  "  of  the  Lace-bark  tree  (Lagetta 
Vmitarid)  is  the  liber,  and  that  of  other  trees  of  the  Order  Thymelacess  is 
i^d  for  tying  up  bundles  of  cigars  &c. 

The  HerbAoeooB  Envelope. — ^The  eeUular  or  herbaceous  envelope  (fig.  578, 
fp)  is  generally  in  an  active  condition  of  vegetation  during  the  ffrowing- 
^'ason,  since  its  tissue  must  increase  latemliy  (tangentially  to  tne  stem) 
to  allow  of  the  increasing  diameter^  while  it  produces  the  new  suberous 
frtnicture  on  the  outside. 

Cork-layers. — The  suberous  layer  diifers  much  in  its  condition  in  dif- 
ferent trees.    The  general  construction  has  been  alluded  to  at  p.  622. 

The  Stmctnre  of  the  Boot  has  of  late  attracted  much  attention 
from  Nageli,  Eeinke,  Jauczewski,  Van  Tieghem,  and  others.  It 
i*  only  by  studying  the  mode  in  which  the  originally  homogeneous 
fvllular  mass  of  the  root  breaks  up  into  distinct  layers  and 
assumes  a  different  form  and  arrangement  of  its  constituent 
*.v\h  that  the  structure  can  rightly  be  understood.  The  simplest 
iilea  of  the  root  is  that  of  a  mere  unicellular  thread,  such  as  we 
meet  with  in  the  lower  Thallogens,  and  also  in  the  shape  of 
the  root-hairs  which  are  produced  from  the  epidermis  of  more 
highly  organiased  roots.  Physiologically,  viewing  the  root  merely 
as  an  organ  of  absorption,  this  type  of  root  is  all  important.  But 
in  most  plants  the  root  is  something  more  than  an  organ  of  ab- 
sorption. It  is  a  laboratory,  in  which  nutritive  matters  are  moved 
from  place  to  place  or  are  stored  up  for  future  use,  so  that  roots 
of  this  character  have  much  of  the  functions  of  the  stem.  Ac- 
cordingly we  find,  in  roots  of  higher  organization,  considerable 
difference  of  structure,  varying  also  in  the  different  groups  of 
plants. 

The  roots  of  vascular  plants  may  be  defined  as  outgrowths  from 
the  interior  of  the  stem  provided  with  a  root-cap  (pileorhiza),  but 
as  a  rule  never  producing  leaves  or  buds,  and  growing  in  length 
only  near  the  point  beneath  the  cap. 

The  general  structure  of  the  roots  of  vascular  plants  may  be 
de&ned  as  consisting  of  an  epidermis,  bounding  a  cortical  paren- 
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chyma,  in  which  is  plunged  a  central  cylinder.    The  epidermis 
will  be  spoken  of  hereafter. 

The  Ck>rtical  Parenchyma  is  wholly  cellular,  and  may  be  gene- 
rally subdivided  into  ti;v'o  zones,  an  outer  and  an  inner.  The  cells 
of  the  outer  zone  increase  from  within  outwards  (centrifugally), 
decrease  in  size  towards  the  outside,  uid  are  so  closely  packed  ss 
to  leave  no  intercellular  spaces.  The  cells  of  the  inner  cone  of 
the  cortical  parenchyma  increase  from  without  inwards  (centri- 
petally),  and  decrease  in  size  from  without  inwards.  They  are 
disposed  in  radiating  series  or  in  concentric  zones,  and  have  inter- 
cellular spaces. 

The  Protecting  Sheath. — This,  the  gaine  proUeirice  of  the 
French,  the  Schutzscheide  of  the  Germans,  was  ilrst  pointed  out  bv 
Caspary.  It  is  a  special  layer  of  cells,  forming  the  innermost 
layer  of  the  cortical  parenchyma  and  separating  it  from  the  central 
cylinder.  The  cells  of  the  protecting  sheath  are  marked  on  their 
sides  by  transverse  folds  or  ridges,  the  ridges  of  one  cell  fitting 
into  corresponding  furrows  of  its  neighbour,  so  that  the  cells  ok 
"dove-tailed"  into  one  another.  In  longitudinal  section  these 
undulations  of  the  cell-walls  give  an  appearance  as  of  the  rounds 
of  a  ladder ;  in  transverse  section  the  appearance  is  given  of  very 
small  oval  dark  spots  in  the  middle  of  the  lateral  boundaries  of  the 
cell. 

The  Central  Cylinder  (Pericambinm)  is  originally  a  mass  of 
pleroma  or  growing  cellular  tissue :  the  outermost  layer  of  thb 
develops  into  a  special  layer  of  pericamhium^  which  is  thus  in  im- 
mediate contact  with  the  protecting  sheath  on  the  outer  side,  its 
cells  being  so  arranged  as  to  alternate  with  those  of  the  sheath. 
Thus  one  cell  of  the  pericambium  comes  between  two  of  the  sheath, 
and  so  on.    Hence  the  layer  is  readily  recognizable  under  the 
microscope.    The  central  mass  of  plerome  forms  the  vessels  which 
are  developed  centripetally  and  alternately  with  bundles  of  bast 
or  liber-cells,  also  developed  centripetally.    The  untransformed 
cellular  tissue  surrounding  the  vessels  and  bastn^lls  is  called  the 
connecting  tissue.    Boots  of  this  character,  then,  differ  espedallv  j 
from  the  stem  in  having  their  bast  or  liber-cells  alternating  in 
position  with  the  vascular  bundles  proper,  not  placed  external  to  | 
them.  I 

Boots  of  Vasonlar  CiTptogaiiiiA. — ^The  structure  of  the  roolB  of  the 
higher  Cryptogams  is  identical  in  the  main  with  that  just  described: 
when  once  the  primaxy  structures  are  completed  no  further  change  tiJces 
place.  The  new  rootlets  originate  from  the  inner  layers  of  the  cortical 
parenchyma.    The  roots  of  Equisetaceas  have  no  pencamhial  layer. 

Root!  of  Monocotyledons. — ^The  general  structure  is  the  same  as  that  of 
the  Vascular  Cryptogams,  the  roouets  originating  from  the  pencamhial 
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otihixf^taioaa  bjer  oppoate  to  the  ressela  (fig.  681,  A, or),  except  in 

(Iraws,  where  they  onoiDate  opposite  the  liber-bundlee.     The  anatomy 

■naj  be  easily  stadied  oy  traciD^the  development  of  the  adveatitiouB 

ruta  on  the  rhizomes  of  Rushes,  Flags,  and  other  plants  of  this  Class. 

The  roots  originate  in  the  legion  where  the  fibro-vascular  bundles  of  the 

f I^m  terminate  (and  frequently  form 

i  tibrouB  pleine).    They  are  at  firat  Fig.  681. 

vholl^  cellular,  and  we  may   di»- 

tinmuah  in  them  three  parts, — a 

niiody  axis,  which  soon  becomes 

roadnuous  with  the  fibro-vascular 

pWius;  acorticalparenchynia,  con- 

uiiuous  witli  the  itaier  part  of  t^at 

at  the  parent  stem  j  and  a  kind  of 

conical  hood  of  rather  dense  cellular 

ti:<«ne,  enreloping  the  end  of  the 

toot    Aa  the  root  grows  it  pusliea 

tbe  hood   forward,  which  breaks 

diiwD    the    cellular    tiasue    before 

it.  and  finally  appears  externally. 

^^  ben  the  epidermis  is  ruptured  in 

this  way,  it  presents  a  circular  free 

ed^   standing    up  slif^tly   like   a 

c-illar  around  the  base  □f'^the  free 

part  of  the  root :  this  is  called  the 

nitorltka  (&g.  581,  B,  c)  by  eome 

talhora.    The  coninJ  hood  upon  the 

•p?x  of  the  root  forms  the  root-cap 

or  the  pStorkixa  (fip.  581,  B,  p),  and 

19  more  or  leas  persistent  in  dim^rent 

eaaea;  in  aquatic  plants  it  becomes 

irreatlT  developed,  as  may  be  seen  in  cp    j 

the  l>uckweea  (Lemna),  where  it 

firms  a  long  sheath,  appearing  as  j^ — i ^t  ^  MA,aiHiinam  r.iaii  •<•  Scun-'- 

if  slipped  over  the  end  of  the  rootlet. 
The  focus  of  development  of  the 
root  is  within  the  pUeorhiut,  which 

i:^  pushed  forward  by  the   continual  fromllieoMnbinniUomeiiiuieoui. 

development  of  cells  Just  behind  the      ^rofthtflbnnKiBTsr:  inBihsmamd- 

Bpei.  vmoed  root  (o  c)  hM  «iwrged,  '«™«  » 

'DrnpOaorhaa  maybe  compared  J^^h^'^J'JaJ^^'oniu  "twinitT.' 
to  a  kind  of  shield  or  ^^lard  to  the 

tip  of  the  root,  protecting  the  nascent  tissue,  by  the  expansion  of  which 
it  is  pushed  forward,  itself  alwajs  possessing  a  certain  soUdity  which 
enables  it  to  penetrate  between  the  particles  of  the  soil. 

In  a  cross  section  of  the  root  of  a  Monocotyledon  we  see  the  centre 
occupied  by  proaenchymatous  tissue,  with  a  circle  of  vessels  around  it; 
the  whole  enclosed  by  regular  parenchyma,  sometimes  bj  liber-cells,  and 
covered  by  an  epidermis.  The  ling  of  vessels  spreads  out  into  a  kind  of 
ri«etl«  at  the  base,  and  anastomoses  with  the  extremities  of  the  fibro- 
Tucolar  bundles  of  the  stem  in  the  fibrous  region.  Secondary  adien- 
litioDS  roots  are  formed  in  the  same  way  in  the  roots,  originating  inune- 


S86  PHTBIOLOOT. 

diAtel;  upon  the  VAScular  ring  and  brealdng  through  tiie  cortiral 
pKrencbjniti. 

The  woody  ftdventitioua  roots  of  Brborescent  MonocotyledoBS  diffiT 
only  in  the  greater  deTelopment  of  the  fibni-TUCular  atructures:  and 
ther  emerge  from  the  Btem  (Pnlms)  in  the  fonn  of  thick  conical  shoots 

when  adventitious  roots,  like  those  just  described,  die  awrt.  tlier 
decft;  down  to  their  Tery  origin,  and  leave  a  ecar  in  the  form  of  an  0Ti6(¥ 
surrounded  hy  the  ra^ed  coleorhiza. 

In  the  tbickcued  ndventitiouB  roots  of  Aiparaffia,  which  nerfomi  the 
function  of  iiibfrt,  the  parenchyma  is  greatly  deTelopod.  In  the  tuberoiu 
roots  of  Orchids  (figs.  21  &  22)  the  central  woody  axis  becomes  irregulirlt 
expanded  into  parenchymatous  tissue  driving  the  vessels  out  nearly  lu 
the  periphery,  so  that  the  characteristic  structure  is  greatly  disguin<d. 
The  aeiial  roots  of  the  epiphytic  Orchids  have  the  growing  eztremilii'j 
rlotbed  by  several  layers  of  a  parenchymatous  tissue,  in  which  the  cell! 
are  characterized  by  delicate  open  spiral-fibrouH  secondary  layers. 

Boots  of  DleotTledoiki. — In  these  plants  the  root  has  at  first  the  ftJat 
structure  and  arrangement  of  its  elements  as  in  Cryptogams  and  Mono- 
cotyledons, the  rootlets  being  formed  opposite  the  vessels  from  the  peri- 
cambial  layer.    A  great  difl'erence,  however,  shows  itself  in  a  secondsn- 

Fig.  583. 


formation  of  liber  and  vessels,  which  enables  the  roots  to  thicken  u>d 
even  to  form  cuncenlric  zones  einctly  as  in  (he  stem.  In  the  early  ci»^ 
of  the  Dicotyledonous  roots  the  bundles  of  liber-cells  and  the  butidl(*of 
vessels  are,  as  in  the  other  groups  of  plants,  alternate  with  escb  otb'r, 
but  a  secondary  formation  of  cambium-cells  takes  place  on  the  iitiieiail« 
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of  each  of  the  primitive  liber-bundles.  This  secondary  cambium  grows 
loth  on  its  outer  and  its  inuer  surface,  forming  ultimately  on  the  outer 
tdde  liber-cellsy  on  the  inner  side  vessels  exactly  as  in  the  case  of  the  Dico- 
tyledonous woody  bundles.  In  general  terms,  then^  it  may  be  said  that 
the  Dicotyledonous  root  consists  of  a  cellular  mass  encircled  by  cortex. 
In  the  central  cellular  mass  are  formed  two  or  more  sets  of  vessels  and 
of  liber-cellsy  each  distinct  from  the  other  and  alternating  one  with  the 
other  (fig.  683).  After  thin  primary  stage  of  growth  is  completed,  a 
secondary  development  of  fibro-vascular  bundles,  with  the  liber  outside 
and  the  vessels  inside,  takes  place  on  the  interior  of  the  primitive  liber- 
bandles,  which  latter  are  therefore  pushed  outwards.  Ultimately,  then, 
there  are  two  or  more  radiating  plates  of  primitive  vascular  tissue  sepa- 
rated by  cellular  tissue  from  a  series  of  radiating  plates,  consisting  of 
liber  and  vessels. 

Great  variations  occur  in  different  plants  in  the  number  and  exact  dis- 
position of  the  bundles  &c.,  for  an  account  of  which  the  original  memoirs 
of  the  authors  above  cited  must  be  consulted. 

In  the  adult  state  the  euta/  root  of  Dicotyledons,  being  a  direct  con- 
tinaation  of  the  stem,  displays  a  circular  group  of  fibro-vascular  bundles 
as  in  the  ascending  axis;  but  these  mostly  converge  at  the  point  of 
junction  of  stem  and  root  (ooffar),  so  that  the  central  axis  of  parenchyma, 
the  pith,  is  usually  absent,  the  medullary  rays  remaining  as  in  the  stem. 
The  roots  of  Dicotyledons  increase  in  diameter  by  annual  layers  of  wood 
formed  in  the  fibro-vascular  bundles,  these,  however,  being  less  regular 
in  their  arrangement  than  those  of  the  stem  on  account  of  the  tortuous 
course  of  the  roots ;  hence  while  the  wood  of  the  roots  is  often  useful  for 
ornamental  purposes,  it  is  comparatively  valueless  for  carpenters'  uses. 
The  branches  of^  the  axial  root  are  originally  growths  from  the  apex  of 
the  root,  thrown  off  to  the  side,  as  it  were,  and  their  woody  axis  is 
derived  from  a  division  of  that  of  the  main  root. 

The  radicle  of  a  germinating  Dicotyledon  has  its  root-cap,  and  grows 
in  the  same  way  as  that  of  the  Monocotyledons,  by  development  of  cells 
just  behind  the  apex  (fi^.  582,  o83). 

Root-hairs. — ^Toung  roots  are  covered  by  a  delicate  epidermis  ; 
and  the  cells  of  this  are  abundantly  produced  into  hairs  in  many 
plants  (fig.  684),  especially  in  those  growing  in  light  soils  ;  these 
fibrils  are  deciduous,  the  delicate  epidermis  (which  is  always  desti- 
tute of  stomata)  being  gradually  converted  into  a  corky  layer. 

AdTentitionB  Roots  are  very  common  in  Dicotyledons,  especially  the 
herbaceous  perennial  kinds,  and  they  alone  can  exist  on  ptants  raised 
from  cuttings  &c.  of  stems.  The  roots  originate  much  in  tne  same  way 
as  those  of  the  Monocotyledons,  appearing  iirst  as  cellular  cones  in  the 
region  adjacent  to  the  cambium-layer,  with  which  the  fibro-vascular 
structure  soon  becomes  confluent.  They  break  through  the  rind,  vrith  a 
coleorhiza,  and  protected  by  a  pileorhiza,  just  as  in  Monocotyledons ;  but 
when  once  formed,  they  appear  to  branch  in  the  same  manner  as  the 
Mdal  root,  and  not  by  tne  formation  of  secondary  adventitious  roots. 

Tr^ul  states  that  the  structure  of  adventitious  roots  differs  according 
to  the  part  of  the  stem  whence  they  emerge.  If,  for  instance,  they 
originate  opposite  a  fibro-vascular  bundle,  as  in  Nuphar^  the  centre  of  the 
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root  is  occupied  by  a  bundle  of  libro-Tascular  tissue ;  if  they  spring  from 
the  stem  opposite  the  pith  or  cellular  tissue  between  tSie  vessels,  &eii 
the  centre  of  the  root  is  likewise  cellular.  In  Cryptogams,  according  to 
Naceli,  the  roots  always  originate  opposite  a  fibro-vascular  bundle. 

The  primary  form  uid  disposition  of  the  roots  depend  in  a  measure  on 
the  form  of  the  terminal  cells  and  on  the  direction  of  the  partitiona  bv 
which  they  are  divided — lengthwise,  horizontal,  or  oblique. 

Fig.  584. 


1 


a,  epidennal  oella ;  b,e,d,  rooA-bain. 

TitberouB  Roots  of  herbaceous  Dicotj'ledons  present  several  modificar 
tions  in  the  arrangement  of  tiie  stractiires.  In  the  Carrot  and  ParsDep 
the  fibro-vftscular  ring  has  its  component  parts  much  separated  by  the 
great  development  of  the  medullary  rays  and  masses  of  parenchyma  re- 
placing the  ordinary  prosenchyma  of  woody  roots,  so  that  the  fibro- 
vascular  structure  has  a  deceptive  resemblance  to  that  of  Monocotyledons; 
and  the  cortical  parenchyma,  agiun,  is  greatly  developed,  so  as  to  form  a 
thick  fleshy  rind.  In  the  Turnip  the  cortical  parencnyma  is  little  deve- 
loped, and  the  mass  of  the  fibro-vascular  bundles  lies  immediately  under 
the  rind,  the  inner  vascidar  parts  of  the  bundles  being  split  up,  as  it  were, 


INIEBHAL  AKATOUI  OF  OBOATTB. — LEATBS.  53B 

iato  ■  row  of  Bbres  nulialW  aniuiged  and  imbedded  in  »  great  quantitT 
ofiti  pkrenchyms.  The  libro-vHscular  bundles  converge  St  the  "collar, 
uid  tben  sepanite  again  to  eurrouDd  the  piiA  of  the  stem ;  tb^  idso  con- 
Terge  again  lowards  tbe  point  of  the  root.  Tbeee  «o-CAlled  TOota  are 
more  newly  allied  to  the  Btem,  and  are,  indeed,  hj^ocotyledonarj  eteme. 

Tbe  structure  described  under  tbe  nsme  of  tponffioU*  lias  no  existence 
b  nUure-  The  error  baa  probably  arisen  from  tbe  appearance  presented 
bf  ibe  pileorhixa. 

Old  roots  of  Dicotjledona  prsaent  a  dense  heart-wood  lilie  the  trunks, 
pusage  of  fluid  taking  place  tluvugb  the  outer  lajeia.  When  tbe  older 
parts  of  roota  are  exposed  to  tbe  air  b;  remoral  of  soil,  the;  acquire  a 
\^t  tatkj  pmdtrm. 

The  general  structure  of  the  root  of  OTmnosperms  ia  like  that  of  Dico* 
tvkdcmi,  except  that  there  is  no  dermato^n,  the  outer  layer  of  the 
pehhiam  becoming  traosfomied  into  epidenuis. 

Fig.  €8S. 


onstnictM  from  SHtioni  nude  t 


[MWKhjTM  of  the  low«  pwt ;  /A  th«  ool  end  of  »  flbro-TMonW  bundle  forming  ooe 

Stonetore  of  Leavei  ftc.— The  plan  of  conatruction  of  the  leaves 
Md  of  the  other  appendicular  organs  of  the  atem  is  in  the  main 
identical  throughout  ail  caaes;  but  there  ia  very  conaiderable 
wiition  within  the  limita  of  the  general  type.  The  easenttaJ 
chuscter  of  the  anatomy  of  a  leaf  is,  that  it  is  an  expanded  layw 
of  parenchyma  clothed  over  its  whole  surface  with  epidermia,  and 
fnmiahed,  according  to  its  degree  of  development,  trith  a  more 
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or  less   extensive  and  complicated  framework  of   fibro-YaBcular 
bundlns. 

In  the  leaf  of  the  Turnip,  for  example  (^g.  685),  we  find  an  upper  (e) 
and  lower  (<?')  epidermis,  with  an  intermediate  mass  of  parenchyma  (or 
merenchyma,  m,  m*),  rather  close  in  the  upper  part,  whence  the  name 
palisade  tissue,  and  spongiform  in  the  lower  part.  The  epidermis  i< 
studded  with  stomata  («),  which  open  into  intercellular  spaces  commu- 
nicating freely  throughout  the  spongy  tissue,  and,  further,  through  ih& 
petiole,  with  the  intercellular  passages  in  the  stem.  The  fibro-vascular 
system  {ribs  and  veins)  runs  tnrough  the  lower  lax  parenchyma  (fig. 
^86,^.6),  and  consL<«t8  of  bundles  of  spiral  vessels  and  liber,  tte  former 
contmuous  with  the  medullaiy  sheath  and  youngest  part  of  the  va«Til« 
axis  of  the  stem,  the  latter  continuous  with  the  libei^bundle  outside  the 
cambium.  The  primary  ribs  in  most  Dicotyledons  contain  much  liber, 
and  thus  become  very  thick,  so  as  to  project  from  the  lower  face  of  the 
leaf.    They  have  a  structure  almost  precisely  like  that  of  a  small  braDch. 

Great  difterences  result  from  the  different  degrees  of  develonment  of 
the  spongy  portion,  as  may  be  seen  by  comparing  the  leaf  of  tne  Lilac 
with  that  of  the  Aloe  or  Mesemh^anthemvm  &c.  The  degree  of  consoli- 
dation of  the  epidermis  by  the  formation  of  thickening  layers  is  the 
principal  source  of  ditlerence  in  the  degree  of  solidity  of  leaves. 

Submei^ed  leaves  of  aquatic  plants  nave  no  stomata  nor  any  eitensiTC 
intercellular  system ;  the  epidermis  is  also  little  developed,  and  there  Li 
commonly  a  total  absence  of  fibro-vascular  tissue :  hence  the  delicate  sod 
perishable  character  of  these  oi'gans. 

The  leaves  and  other  appendicular  organs  axe  especially  tbe  seat  of  the 
glandular  and  analogous  epidermal  structures. 

Stmctnre  of  Pettoles. — ^The  petioles  usually  consist  of  a  mass  of  paren- 
chyma, surrounded  by  epidermis  and  traversed  by  fibro-vascular  bandl<?s 
arranged  in  a  more  or  less  semicircular  manner,  the  spiral  vessels  being 
uppermost,  corresponding  to  the  medullary  sheaths.  When  cylindrical 
the  bundles  form  a  complete  circle,  and  the  structure  is  then  undi^ 
tinguishable  from  that  of  a  young  branch,  on  which  account  the  ordinary 
leaf  has  been  regarded  as  a  branch  the  upper  portion  of  whose  vascular 
tissues  are  suppressed  or  depauperated  (0.  deCandolle). 

FaU  of  the  Leaf.— The  fall  of  the  leaf,  as  of  the  fruit,  and  in  some 
cases  of  the  branches  (as  in  Taxodium,  &c.),  is  effected  by  the  gradual  for- 
mation of  a  layer  of  thin-walled  cells  across  the  petiole,  at  right  angles 
to  the  direction  of  the  other  tissues,  and  which  thus  ultimately  separates 
the  inert  leaf  from  the  living  stem  as  by  a  knife-blade. 

Stmctore  of  the  Floral  Organfl. — Bracts,  sepals,  petals,  &c.  are 
organized  on  the  same  plan  as  leaves,  their  epidermis  frequentlr 
presenting  raised  conical  cells  and  having  stomata.  The  tissues  of 
these  organs  are  more  delicate,  the  fibro-vascular  structures  being 
almost  exclusively  formed  of  spiral  vessels.  The  parenchyma  ol 
petals  contains  fluid  colouring-matters  instead  of  chlorophyll. 

In  the  parenchyma  of  the  floral  organs  of  coloured  structures,  the  cells 
are  filled  with  fluid  colouring-matters  of  various  tints,  the  depth  of  colour 
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depending  on  the  greater  or  smaller  number  of  layers  of  colour-cells 
b 'Heath  uie  epidermis,  the  tints  difiering  accordingly  as  cells  containing 
colouring-matter  of  different  hues  overlie  one  another. 

Stmctore  of  the  Anther,  ftc — Stamens  and  pistils  are  composed 
of  rather  regular  parenchyma  with  a  delicate  epidermis,  and  fibro- 
vascular  ribs  more  or  less  developed  in  different  cases. 

The  stracture  of  the  anther  is  somewhat  complex,  yarying  not  only  in 
different  plants  but  also  in  different  stages  of  growth.  At  nrst  consisting 
of  cells  oi  about  the  same  size  and  form,  it  subsequently  presents  a  centr^ 
mass  devoted  to  the  formation  of  the  pollen  (see  under  Physiology  of 
Keproductive  Organs).  This  central  maas  is  overlain  by  three  layers  of 
c^Ils :  first  in  order  going  from  within  outwards  is  the  endothedum,  con- 
imitated  by  a  single  layer  of  delicate  cells  of  a  different  size  and  shape 
from  the  rest,  and  usually  disappearing  as  the  pollen-grains  are  matured. 
These  cells  apparently  contain  nitrogenous  contents,  supposed  to  be 
applied  to  the  nutrition  of  the  pollen-cells  during  their  growth.  This 
lajer  is  persistent  in  the  case  of  anthers  opening  by  pores.  Succeeding 
tlK  endothecium  are  one  or  more  layers  of  permanent  cells,  some  of 
▼hich  contain  spiral  fibres.  These  cells  constitute  the  meaothecium.  The 
fibrous  cells  vary  in  number  and  situation  in  different  plants,  and  are 
wmetimes  entirely  absent,  as  in  the  case  of  anthers  opening  by  pores ; 
lifcnee  they  are  supposed  to  act  hygrometrically  in  the  dehiscence  of 
Talvular  anthers.  The  third  layer  of  the  anthers  is  of  an  epidermal 
character,  and  is  called  the  exMecium,  The  connective  has  the  general 
structure  of  the  filament ;  sometimes,  as  in  some  Lilies,  it  contains  fibrous 
cells.  Each  cell  of  the  anther  is  partly  subdivided  by  cellular  projections 
from  the  connective;  to  these  processes  M.  Ohatin  gives  the  name  of 
pkuxntoids,  being  of  opinion  that  they  contribute  to  tne  nourishment  of 
the  pollen. 

FistiJU — ^The  pistils  and  fruits  have,  for  the  most  part,  the  general 
structure  of  leaves.  Some  of  their  fibro-vascular  bundles  run  along  the 
placentas  and  give  off  spiral  vessels  through  the  funiculus  to  terminate  at 
the  chalaza  of  the  ovule.  The  style  has  usually  in  the  centre  a  quantity 
of  loosely  packed,  cylindrical,  elongated  cells,  constituting  the  conducting 
tiuue  for  the  pollen-tubes.  The  stigmatic  cells  are  devoid  of  epidermal 
ouvering,  and  hence  present  the  form  of  partly  detached  prominences  or 
papillta. 

OmlM,  Seeds. — The  coats  of  the  ovule,  as  well  as  the  nucleus,  are  de- 
scribed as  wholly  cellular;  frequently,  however,  the  vascular  tissue, 
instead  of  ceasing  at  the  chalaza,  is  prolonged  upwards  into  the  coats,  as 
may  be  seen  in  the  testa  of  many  seeds,  e.  g.  Almond,  Walnut,  Oycaa,  &c. 
Great  changes  take  place  in  the  nature  and  arrangement  of  the  cells  as 
the  ovules  ripen  into  the  seeds.  The  disposition  of  the  cells  of  the  outer 
investment  of  seeds  is  often  venr  beautiful  and  characteristic. 

In  the  ripening  of  the  fruit  the  organizing  tissues,  which  carry  on  the 
growth  of  the  organ,  are  situated  between  the  inner  epidermal  layer  and 
the  fibro-vascular  zone,  as  in  the  case  of  leaves.  Moreover  the  fibro- 
yascolar  bundles  are  arranged,  as  in  the  leaf-blade,  with  reference  to  a 
Boriace,  and  not  in  a  cylindrical  disposition  as  usually  in  stem-organs. 
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Thalaimu. — The  anatomv  of  the  thalamns  or  receptacle  cor- 
responds with  that  of  the  stem.  Hollow  receptacles,  like  those  of 
the  Eose  or  of  the  Apple,  in  which  the  carpels  are  enclosed  or 
imbedded,  have  essentially  a  stem-structure,  their  eambinm-layer 
being  placed  between  the  fibro-Tascular  zone  and  the  outer  epi- 
dermis. 

Anatomical  and  organogenetic  inyestigations  show  that  inferior  OTaries 
Cp.  130)  are  really  cases  of  adhesion  of  the  imbedded  carpels  to  the 
expanded  upper  extremity  of  the  thalamas. 

The  parts  of  the  flower,  and  especially  the  carpeLs,  show  many  minor 
yariations  of  structure  not  clearly  referable  to  either  the  leaf  or  tne  st«m 
type  of  structure ;  and  from  these,  as  well  as  from  numerous  exceptional 
and  transitional  cases,  it  must  be  assumed  that  the  distinction  between 
leaf  and  axis  is  not  absolute  but  arbitrary,  though  it  must  for  conyenience* 
sake  be  retained. 


CHAPTER  II. 

PHYSIOLOGY  OF  VEGETATION. 

Sect.  1.   OeiTESAL  GoKSIDBRATIOirS. 

Plant  Organization. — ^The  organization  of  plante  is  regolatedby 
a  series  of  laws  which  exhibit  dii^erent  degrees  of  generality. 

The  most  general  law  of  all  is  that  imder  which  protoplasmic  substance 
assimilates  inorganic  or,  more  rarely,  organic  matter,  and  produces  the 
closed  cellular  sacs  called  vegetable  cells.  This  affects  all  yegetable 
structure  whatsoever.  Animal  protoplasm  has  apparently  no  power  of 
assimilating  inorganic  matter. 

The  Fungi  and  parasites  live  on  oiganic  matter ;  and  this  is  probably 
the  case  to  a  great  extent  with  cultivated  plants  grown  with  excess  of 
organic  manures.    This  will  be  referred  to  hereafter. 

One  decree  less  general  are  the  laws  regulating  the/ormtof  the  celltilar 
sacs  or  cms.  These  determine  at  the  same  time  the  specific  form  of  tJie 
plant  in  the  Unicellular  Alne. 

.  Next  follow  the  laws  of  development  of  the  Beeondaty  depomt*  upon 
the  walls  of  the  cells,  which  are  valid  throughout  the  whole  Vegetable 
Kingdom,  but  more  and  more  complex  in  the  successively  higher  dasees. 

The  laws  of  combination  of  the  cells  into  ttsaues  are  a  fittle  less  ^enJ, 
the  diversity  increasing  here  again  in  proportion  to  the  higher  position  of 
the  species. 

The  laws  regulating  the /orm«  of  organs  are  of  very  gpreat  importauce 
and  interest ;  and  in  these  we  have  to  distingmsh  two  aspects*  or,  it  isAf 
be  said,  two  coexistent  series* 
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The  principal  Qaaees  of  Plants  are  characterized  by  lespectiTely 
>)9Ee&5iDg  a  peculiar  type  or  plan  of  combination  of  the  organs,  having 
iiitt  only  a  morpholo^c'al  but  a  physiolo^cal  speciality.  The  type,  more 
»T  less  reco^izable,  is  a  mark  of  the  existence  of  a  common  law  of  in- 
ji^iited  organization  throughout  each  class.  Within  the  limits  of  the 
<  lasses  exist  almost  infinite  varieties  of  form,  referable  to  morphological 
laws  which  have  been  investigated  in  the  first  Part  of  this  work.  A 
•^implicated  but  graduated  and  interconnected  body  of  laws  was  there 
shdwn  to  regulate  the  variations  of  forms  in  plants  generally. 

Lastly,  in  the  description  of  the  Natural  Order  of  plants,  it  will  have 
been  recognized  that  there  are  still  more  special  laws  of  development, 
t&usinff  the  existence  of  resemblance  in  limited  groups  of  species;  and, 
Uyona  this,  every  species  or  kind  of  plant  has  its  form  and  mode  of  life 
mure  or  less  definitely  fixed  and  regulated  by  its  special  law  of  organiza- 
tion derived  from  hereditary  descent,  and  modified  in  accordance  with 
external  circumstances  and  the  requirements  of  the  plant. 

These  reflections  enable  us  to  explain  simply  the  terms  higher  and 
tower  claAses  or  species  of  plants.  In  the  FrotococcuSf  consisting  of  a 
simple  cell,  the  specific  law,  that  which  determines  the  characteristic 
h\m,  follows  immediately  on  the  first  of  those  above  indicated.  In  a 
Cmfervaj  the  second  and  third  are  both  involved ;  and  the  specific  law  at 
••nee  succeeds  these.  Proceeding  step  by  step,  we  shall  find  species  in 
which  there  is  a  diversity  of  forms  of  the  cell  and  of  tissues  (higher 
.\lgae) ;  next,  an  additional  diversity  of  organs  (leaj^  Gryptonimia) ;  and 
then  come  into  play  the  laws  of  the  physiological  and  morpholo^cal  types 
•if  combination  of  organs,  which  are  most  complicated  in  the  rlowermg 
Phnts,  in  the  development  of  which,  however,  from  the  original  germ,  or 
embryonal  yesicle,  we  may  trace,  in  a  graduated  series,  the  commencement 
of  the  operation  of  the  successively  less  general  laws  of  organization. 

Not  only  do  different  plants  display  great  diversities  in  structure 
and  composition,  but  each  individual  plant  offers  more  or  less 
diverse  characters  at  different  periods  of  life. 

Plants  commence  their  independent  individual  life  in  the  form  of 
a  cell  or  a  group  of  cells  separated  from  a  parent  organism.  In 
the  lower  plants  such  cells,  once  fully  developed,  as  spores  or  as 
fjonidiaf  are  capable,  under  suitable  circumstances,  of  growing  up 
into  complete  plants.  In  the  higher  Classes  these  cells  (embryonal 
vesides^  or  the  primary  cells  of  a  leaf-bud)  go  through  the  earlier 
stages  of  development  connected  with  the  parent  organism,  and 
are  detached  (as  seeds  or  as  huhils^  &e.)  already  provided  with  rudi- 
mentary organs  of  vegetation. 

Dnratioii  of  Vitality. — In  those  cases  where  the  detached  bodies 
are  products  of  simple  vegetative  cell-division,  they  often  proceed 
at  once  to  grow  up  into  new  plants  (gonidia,  zoospores)^  but  more 
frequently  their  vitality  remains  latent  for  a  certain  definite  period 
{hulbilsj  spores  of  Mosses,  Ferns,  &c.) ;  and  when  the  body  is  a 
n^iilt  of  sexual  reproduction,  it  almost  always  remains  for  a  more 
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or  less  indefinite  period  (capable  of  being  shortened  or  prolonged 
within  certain  limits  by  external  causes)  in  a  state  of  rest  (se^^ds, 
resting -9pare8  of  Algce^  &c.),  and  then  undergoes  peculiar  internal 
changes  before  recommencing  development  (germination)  in  order 
to  grow  up  into  a  new  plant. 

Seeds  and  resting-spores  (and  to  a  less  extent  the  resting-organs  pro- 
duced in  yegetative  propagation,  as  bulbs,  tubers,  &c.)  are  oigauized  in  a 
manner  especially  adapted  to  preserve  the  latent  vitality  from  injury  by 
external  influences.  They  can  withstand  great  variations  of  heat  or  cold, 
especially  in  the  absence  of  moisture.  Most  seeds  will  bear  a  temperature 
yery  far  below  freezing-point  if  kept  dry.  Wheat  left  in  the  Arctic 
Kef^ons  by  the  crew  of  the  '  Polaris,'  and.  brought  home  by  Sir  Geor^ 
Nares,  after  two  years,  was  found  to  have  its  genninating  power  unim- 
paired, and  many  will  even  bear  an  exposure  to  100°  or  110°  Fahr.  in  drv 
sand.  Prolon^d  immersion  in  water  at  120^  kills  most  seeds,  unless  the 
skin  is  very  thick  and  they  contain  oil  instead  of  starch  in  the  endosperm. 
Some  seeds  will  bear  a  short  immersion  in  boiling  water  (  Veronica)  ;  but 
the  seeds  of  Cereals,  Beans,  Linseed,  and  other  plants  scarcely  survive  a 
15  minutes'  soaking  in  water  of  110°,  while  they  will  bear  140°  in  steam 
and  170°  in  dry  air. 

Some  seeds  naturally  lose  their  vitality  very  soon :  this  is  the  case  with 
the  seeds  of  Coffea,  Ma(/tioiia,  &c. ;  while  other  instances  are  related  in 
which  it  has  been  preserved  for  centuries.  The  cases  related  of  the 
germination  of  Wheat  taken  from  Egyptian  Mummies  are  £adlacious: 
but  well-authenticated  instances  exist  of  long  preservation. 

The  resting-spores  of  Oonfervoids  (Protococcus)  have  been  revived  after 
remaining  for  years  in  herbaria;  and  it  is  in  curious  relation  to  their 
growth  in  shallow  pools,  often  dry  in  summer,  that  the  resting-spores  of 
these  pLints  appear  to  require  to  be  diied  before  they  will  germinate. 
Mr.  Munby  found  a  bulb  of  a  species  of  Narcissus  sprouting  in  his 
herbarium  after  it  had  been  gathered  (in  Algeria)  upwards  of  twenty-two 
years.  This  bulb,  removed  into  the  greenhouse  and  potted,  prdduced 
ilowers. 

Periodicity  of  GrowtL — Plants  are  subject  to  a  periodicity  in 
their  vital  phenomena,  partly  dependent  on  their  own  laws  of 
growth,  partly  on  the  seasons  in  the  climate  where  they  grow.  As 
dependent  on  special  laws  may  be  noted  the  differences  between 
annual,  biennial,  and  perennial  plants  (properly  so  called),  between 
deciduous-leaved  and  evergreen  trees,  Ac. 

Annual  plants  are  such  as  germinate  from  seed,  produce  their  whole 
vegetable  structure,  flowers,  fruit,  and  seed,  and  die  away  in  one  season, 
between  spring  and  autumn :  such  are  the  summer  annuals  of  our  gardens. 
Biennials  sprout  from  seed  in  one  season,  and  bloom,  bear  fhut  and  seed, 
and  die  in  the  second;  the  Turnip,  Carrot,  (Enothera  biennis^  &c.  are 
examples  of  this.  Perennial  plants  exhibit  several  varieties  of  condition. 
Herbaceous  perennials  (like  the  Daisy,  Primrose,  Garden  Flag,  &c.)  ger- 
minate in  one  season,  and  produce  a  subterraneous  rhizome,  of  indetjoite 
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iorstiaD,  wbich  annually  sends  up  a  flowering  shoot  or  shoots.  Other 
perennial  plants  of  this  jdnd  fonn  one  shoot  which  yegetates  uninter- 
iiptedlj  lor  many  years  before  it  flowers  (Agave  americana,  Talipot 
P&lm,  &c) ;  and  after  ripening  its  seeds  the  stem  dies  down,  leaying 
feually  a  number  of  offiets  from  the  axils  of  its  leayes  (monocarpic  peren- 

Woo^  perennials,  trees  and  shrubs,  usually  yegetate  for  seyeral  years 
>efore  flowering,  but  are  subject  to  periodic  rest,  throwing  ofl^  their 
oliage  and  renewing  it  upon  fresh  shoots  of  the  same  stem  eyery  season  ; 
ad  when  they  flower,  the  operation  exhausts  their  accumulated  powers 
>f  deyelopment  so  little  that  they  continue  to  flower  periodically  (eyery 
ieason  if  in  fayourable  condition)  throughout  life. 

Habit  of  Plants. — ^The  "  habit "  assumed  by  plants  depends  in  some 
degree  on  external  conditions.  Thus  many  of  our  caiden  RnmiRla  are 
[itn^nnial  in  their  natiye  climates :  for  example,  JOctnus  (the  Castor-oil 
[Jant),  Mirabilis^  and  other  genera  are  annual  herbs  with  us,  but  perennial 
uid  even  woody  m  warmer  climates.  And  some  annuals  may  be  made  to 
(egetate  for  more  than  one  season  by  remoyin^  the  flower-buds  as  they 
appear,  aa  in  the  case  of  the  so-called  Tree-mignonnette.  The  Winter- 
Cum  of  agriculturalists  is  really  an  annual  plant,  sown  in  autumn  to 
oVtain  stronger  ^owth,  and  is  not  speciflcaUy  diflerent  from  Spring- 
corn,  sown  in  sprmg  and  reaped  in  autumn.  The  common  Cherry-tree 
letaius  its  leayes  during  the  whole  year  and  becomes  an  eyeigreen  in 
r^ylon;  and  many  similar  instances  of  changed  habit,  tiie  result  of 
altered  condition,  might  be  cited,  while  for  further  particulars  respecting 
the  duration  of  plants  the  student  may  refer  to  the  sections  treating 
of  the  Morphology  of  Stems.  ^ 

Few  perennial  plants  retain  their  appendicular  omms  beyond  certain 
definite  perioda.  Ordinary  deciduous  trees  lose  their  leayes  m  autumn  in 
our  climate ;  and  previously  to  their  fall  their  organs  undergo  internal 
changes,  in  which  the  assimilated  matters  are,  for  the  mostpart^  removed 
uid  thdr  green  colour  altered.  They  are  generally  cast  off'^by  a  regular 
fncture  wbere  they  join  the  stem  (p.  640) ;  in  the  Oak,  Beech,  and  other 
trees  they  die  in  autunm,  but  do  not  fall  away  at  once,  often  remaining, 
when  not  exposed  to  violent  winds,  until  pushed  off  by  the  expansion  of 
the  stem  in  the  next  spring.  Evergreen  trees  and  snrubs  retain  their 
leaves  green  and  living  until  the  succeeding  season,  when  the  new  leaf- 
buds  expand,  as  in  the  Cherry-laurel,  Aucuba,  &c. ;  or,  as  in  many  Coni- 
fers, they  remain  attached  to  the  stem  for  several  years  (Araucaria 
inihritata,  Tkuja,  &C.).  In  some  of  these  cases  the  so-called  leaves  are 
]$robably  f oliaceous  branches.  The  leaves  of  arborescent  Monocotyledons 
(Pahns)  are  also  of  long  duration.  The  parts  of  flowers  and  ripe  fruits 
&re  likewise  cast  off  in  most  cases,  although  the  fruits  from  which 
aeeds  have  escaped  sometimes  remain  long  attached  in  a  dead  condition 
^^Conifers). 

The  axis  is  the  only  permanent  part  of  the  plant ;  and  the  unlimited 
daiation  of  this  is  strictly  dependent  on  the  development  of  leaf-buds. 
When  a  shoot  ends  in  a  blossom-bud,  the  growth  of  that  branch  of  the 
axis  is  arrested,  and  the  prolongation  of  life  depends  either  on  the  axillary 
leaf-bads  aitoated  below  or  on  the  formation  of  an  adventitioHn  bud. 

The  production  of  flowers  and  fruit  is  an  eichausting  process ;  it  has 
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just  been  nodeed  that  annualB  may  be  made  to  live  aereral  vean  by  pre- 
Tenting  tbem  from  flowering.  The  arreet  of  growth  of  the  large  and 
highly  deyeloped  axes  of  monocarpic  perennials  (Affovej  Talipot  Palm, 
&c.)  18  a  necessary  consequence  of  the  terminal  bud  jprodacing  blossom 
instead  of  leayes ;  but  the  formation  of  propagatiye  onsets  frcMoi  the  leaf- 
axils  before  death  is  strictly  dependent  on  the  degree  of  yigour  poeaeaaed 
by  tiie  main  axis  at  the  time  oi  flowering. 

The  duration  of  herbaceous  perennials  may  be  regarded  as  unlimited, 
since  they  are  always  placed  in  a  position  to  form  new  absorbing  origans 
(roots)  in  the  yicinity  of  their  Duds.  The  duration  of  trees  is  also 
theoretically  unlimited ;  and  in  many  cases  great  age  is  attained ;  bnt 
ordinarily  trees  acquire  increased  yigour  with  age  up  to  a  certain  point, 
and  then  begin  to  decline,  a  circumstance  attributable  to  the  inca*easiiur 
distance  to  which  the  buds  are  remoyed  from  the  roots,  the  obstruction 
to  the  flow  of  sap,  the  local  decay  of  the  roots  and  tnmk  from  external 
injuries,  Ssc  Cuttings  from  old  trees,  if  taken  from  sound  sbootSy  m.\T 
be  made  the  foundation  of  new  trees  aa  yigorous  aa  the  parents  were  in 
their  earlier  years. 

Palm-trees  grow  to  an  age  of  200  years  or  more ;  the  Dract^tuB  (T>ni|^>n« 
treee)  of  Teneriffe  haye  been  known  as  old  trees  for  centuries.  Oak«, 
Limes,  Cedars,  Yews,  &c.  are  known  to  haye  liyed  many  centuries ;  and 
other  cases  are  on  record  of  gigantic  trees  whose  age,  deduced  from  the 
number  of  rings  of  growth  of  the  steins,  would  amount  to  upwards  of 
dOOOyears.  Tne  BerthoUetia  of  Brazil,  the  Adanaonia  of  Senegal,  and 
the  WdHnfftonia  or  Seqwna  giganiea  of  California  (363  feet  high  and  31 
feet  in  diameter  at  the  base)  are  examples  of  this. 

Death  of  the  Plant. — In  herbaceous  perennials  the  older  parts 
of  the  plant  die  and  decay  in  a  limited  period  after  the  develop- 
ment of  the  new  axes.  In  Dicotyledonous  trees  also  the  older 
part,  which  is  enclosed  by  the  new  layers,  and  becomes  consolidated 
into  heart-wood,  must  be  regarded  as  dead  after  a  certain  period^ 
ceasing  eyen  to  carry  sap  mechanically ;  and  we  see  boUow  trees 
of  this  Class  living  and  growing,  where  the  whole  of  the  older 
part  has  been  lost  by  decay,  a  liying  shell  of  wood  ccMistituting  the 
bond  of  connexion  between  the  roots  and  the  growing  branches  of 
the  axis. 

This  death  of  the  older  tissne  is  not  so  common  in  arboivscent 
Monocotyledons ;  but  it  is  observed  in  Pandanus  (fig.  10),  where  the 
base  t>f  the  stem  and  the  old  roots  decay,  new  (adventitious)  roots 
sprouting  out  from  the  living  part  of  the  trunk  in  a  oontinQal  ad- 
vance upwards. 

The  death  of  a  plant  or  part  of  a  plant  depends  upon  the  death  of  the 
cells  composing  its  tissues.  The  duration  of  the  life  of  individual  cdls  is 
very  difieyent,  according  to  their  position  and  function.  Cells  situated  at 
growing-points  (in  buds,  cambium-repons.  tips  of  roots,  &c.)  are  very 
transitory,  since  during  active  vegetation  they  are  continually  divided,  as 
parent  cells,  into  two  or  more  new  cells,  part  of  which  are  left  behind  as 
permanent  oe^,— those  situated  at  the  periphery,  or  most  advanced  point, 
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in  turn  the  parent  oeUe  of  a  new  generation.  The  permanent 
oells  become  parts  of  parenchymatous,  prosenchymatous,  or  vascular  tis- 
snes  in  the  Tegetative  organs,  or  parts  ofreproductiTe  structures  in  flowers 
and  finits.  Thus  they  run  through  a  course  of  life  dependent  in  each 
esse  on  the  laws  of  development  of  the  plant,  according  to  which  its 
oigans  have  a  shorter  or  longer  duration.  The  de<dh  of  the  orgun  or  tissue 
in  which  they  exist  results  from  the  cessation  of  the  vital  activity  of  the 
ceQs  according  to  these  laws ;  and  their  deeay,  from  the  now  unopposed 
operation  of  simple  chemical  forces. 

Vital  Fhenomena. — ^The  principal  vital  phenomena  exhibited  by 
plants  are  connected  either  with  the  maintenance  and  increase  of 
the  indlTidnal  organism,  or  with  the  production  of  special  structures 
endowed  with  the  power  of  growing  up  into  new  individuals  when 
thrown  off  by  the  parent. 

We  say  the  principal  vital  phenomena,  because  there  are  some  which 
we  cannot  strictly  affirm  to  belong  to  either  of  the  above  classes,  although 
there  can  be  but  little  doubt  that  they  are  in  some  way  related ;  of  these 
are  the  movements  of  plants  like  the  Sensitive-plants,  the  folding  up  of 
leaves  or  flowers,  &c. 

T^etatioBi  Nutrition. — ^The  processes  of  vegetation^  or  growth 
of  the  individual,  are,  from  the  peculiar  organization  of  vegetables, 
connected  with  the  processes  of  reproduction^  properly  so  called, 
by  the  phenomenon  of  multiplication  or  propagation  through 
natoral  or  artificial  separation  of  portions  of  the  structure  which 
might  xemain  and  form  branches  of  the  parent  stock.  This  vege- 
tative  propagation^  distinct  in  important  anatomical  and  physio- 
logical characters  from  sexual  reproduction^  is  found  in  all  classes  of 
plants,  and  from  its  importance  in  relation  to  cultivation  deserves 
separate  consideration. 

The  construction  of  plants  from  a  number  of  like  parts  more  or  less 
l^ynolojgically  independent  allows  of  their  being  increased  b^  mechanical 
iobdivision  of  the  parent  *^  stock,"  which  is  eflected  by  maung  cuttings^ 
&C.    The  same  occurs  in  the  propagation  of  plants  by  bulbs,  tubers,  &c. 

The  Vegetative  processes  of  plants  are  divisible  into  several 
heads,  which,  however,  present  many  points  of  interconnexion. 

Nutrition^  properly  so  called,  can  only  be  said  to  go  on  in  the 
protoplasmic  matters  found  in  the  interior  of  oells,  since  it  is  these 
Bubstances  alone  that  exhibit  phenomena  of  consumption  and  repara- 
tion. The  tissues  of  plants  are,  under  ordinary  circumstances, 
oerer  renewed ;  the  only  changes  which  they  undergo  are  stages 
of  progressive  development  or  growth,  succeeded  sooner  or  later 
by  decomposition. 

Ikuelopment  or  organizoUion  constitutes  the  most  striking  mani- 
festation of  the  vegetative  action ;  but  this  is  a  final  result,  pre- 
pared from,  and  incessantly  accompanied  by,  phenomena  which  are 
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results  chiefly  of  the  regulated  action  of  physical  and  diemical 
forces. 

The  subsidiary  operations  of  vegetation  are — absorption  of  food, 
diffusion  or  transmission  of  fluid  through  the  organic  structure,  assU 
tnikuion  of  absorbed  material,  and,  intimately  connected  with  this, 
the  processes  oirespirationf  transpirationj  and  metastasis.  Searetion 
is  more  nearly  related  to  development  than  to  the  processes  just 
enumerated.  The  relations  of  many  of  the  secretions  of  plants 
are  very  obscure.  Starch,  chlorophyll,  fixed  oils,  sugar,  &c.  are  of 
course  intimately  connected  with  the  vegetative  growth ;  but  we 
have  little  clue  to  the  importance,  as  regards  the  plant,  of  the 
essential  oils,  resins,  alkaloids,  &c 

The  Vegetative  Propagation  of  plants  presents  special  modifica- 
tions connected  with  the  peculiar  conditions  of  organization  in  the 
different  Classes ;  and  there  are  some  important  considerations 
connected  with  the  contrasts  existing  between  the  results  of  this 
and  of  sexual  reproduction. 

The  Sexual  Reproduction  of  plants  offers  a  series  of  phenomena  of 
much  interest  when  viewed  comparatively  throughout  the  different 
great  Glasses ;  and  the  phenomena  of  Hybridization  and  the  influ- 
ence of  sexual  reproduction  in  the  maintenance  of  specific  characters 
require  especial  notice  from  the  vegetable  physiologist. 

As  the  Vegetative  propajjation  is  a  process  of  vegetative  life  treDehiiig 
on  the  region  of  reproduction,  so  many  of  the  phenomena  aocompanvisg 
sexual  reproduction  are  properly  special  vegetatiye  actions  induced  bv 
peculiar  stimuli :  among  these  axe  the  phenomena  of  ripening  of  fruits  anH 
eporanges,  the  evolution  of  heat  from  flowers,  the  irritable  movements 
of  floral  organs,  &c.  These,  and  some  other  unclassed  phenomena,  will 
be  most  conveniently  examined  apart  In  the  succeeding  Chapters  on 
Physiology  we  shall  examine  separately: — 1,  the  processes  of  Vegetadon ; 
2,  we  phenomena  of  vegetative  Propagation ;  3,  the  physiology  of  sexutl 
Heproauction ;  and,  4,  various  unclassed  phenomena  met  wim  in  a  more 
or  less  limited  range  of  cases  of  vegetable  life. 

Sect.  2.  Cell-Life. 

Movements  of  the  Protoplasm,  ftc. — Intimately  connected  with 
the  early  history  of  the  protoplasm  of  the  ceU  (p.  496)  are  cer- 
tain physiological  phenomena  of  the  contents  of  individual  cells, 
which  will  be  most  conveniently  described  here. 

During  the  time  when  the  protoplasmic  contents  of  young  cells 
are  becoming  gradually  hollowed  out  into  spaces  filled  with  wat«ry 
ceU-sap  (p.  494),  a  regular  movement  of  this  protoplasm  takes 
place,  which  may  be  observed  veir  readily  in  young  hairs  of  Phane- 
rogamic plants  (fig.  586),  and  which  probably  takes  place  in  an 
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etrlj  ebtgB  in  sU  other  structures.  Thia  movement,  which  is  eiro- 
neoDslj  raUed  rotation  of  the  eell-aap,  is  a  circulatory  movement  of 
tbe  protopkam  made  perceptible  J^  the  minute  opaque  granules 
which  exist  in  the  colourless  fluid.  The  nucleus  is  also  carried 
slowly  along  in  this  movement,  which,  when  the  protoplasm  has 
become  converted  into  a  mere  network  of 
cords,  has  the  appearance  of  a  system  of  p^  ^qq^ 

reticular  currents  (fig.  586).    Tliis  move- 
meat  of  the  protoplasm  ceases  in  most  cella 
before  they  are  full-grown  ;  but  in  many 
kqostic  plants,  even  of  the  class  Fhanero- 
gamia,  the  protoplasm  does  not  become 
eica>-ated  in  the  same  way  as  it  does  in 
the  cells  of  hair$  &c.,  but  applies  itself 
a^  a  thickish  layer  upon  the  inside  of  the 
cell-walls,  and,  retaining  its  activity,  per- 
forms a  rotatory  movement  around  the 
«atl  of  the  cell  permanently.     In  Charei 
the  moving  layer  of  protoplasm   is  not 
applied  upon  the  cell-wall :  the  primordial 
utricle,    with    the   chloropfayll-corpuscloa 
imbedded  in   it,  lies   on   ike   cell-wall    TwooeUmfftiuirofthou- 
motionless ;    and  a    thick   mucilaginons      SmJrf^irf^Stt^SMJS  ^ 
liyer,  situated  between  this  and  the  cen-      reniiofpntofiUni.  Uwga. 
tml  cavity  filled  with  watery  cell-sap,  con-      ••oii»«»- 
tinnally  circulates. 

The  drculation  in  reticulated  curreDts  is  most  easily  observed  in  yonng 
hun  of  the  higher  plants.  The  movement  of  the  puietal  layer  of  proto- 
plum  is  made  very  visible  in  the  leaves  of  Vauimeria  by  the  green 
ctdorophyll-corpusculee  imbedded  in  it ;  and  it  msy  be  well  seen  in  Ana- 
ciarit,  in  the  delic«te  tissues  of  Hydrocharit,  StratioUt,  Sec  It  occurs  in 
the  rootlets  and  other  parts,  as  well  as  in  the  leaves.  The  phenomeDon 
is  most  strikinKly  shown  in  the  Characeaa,  especiaUy  in  the  Iiiltlla,  which 
•re  simpler  and  hence  more  transpareat  forms. 

This  movement  is  only  affected  by  subatances  that  injure  the  healthy 
condiiJon  of  the  structure,  such  as  chemical  agents  prodacing  bursting  or 
nlation  of  the  tissue,  heat  eulBcieai  to  cause  cos^lation  or  solution  of 
contents,  &c.  In  CKara,  the  larre  cells  may  be  tied  across,  and  yet  the 
circulation  be  set  up  Sfrajn  in  each  of  the  chambers  thus  formed.  £lec- 
tiicsl  cunenta  do  not  affect  iL 

CaiuM  of  Om  Horemant*  i  Action  of  Ught. — The  movements  in  the 
pToloplaam  are  attributed  to  various  causes  according  to  the  nature  of 
the  movement,  such  as  contrsctioo  of  certain  portions  of  it.  varying' 
degrees  of  imbildtioii  in  different  portions  of  the  mass,  the  slteroations 
in  this  wise  giving  rise  to  the  currents.  The  movements  connected  with 
cell-division  aod  growth  and  the  rotation  of  the  protoplasm  take  place  in 
diAneasasweUasiothelight.  In  many  cases  it  has  been  definitely  proved 
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that  the  morement  of  the  juices  in  which  chloTOphyll-gmmileB  are  ood- 
tained  is  directly  dependent  on  the  agency  of  light,  especially  of  the  more 
highly  refiangible  rays  of  the  spectrum.  Under  the  influence  of  diffused 
hgbX  the  chlorophyll-granules  range  themselves  puallel  to  the  surfiEuse. 
At  nighty  as  well  as  under  the  influence  of  direct  light  and  of  the  most 
luminous  and  least  refnmgible  rays,  they  are  dispoeed  at  right  angles  to 
the  smfacOj  on  the  lateral  wslls  of  the  cells.  If,  however,  the  hght  M 
from  one  side  only,  and  the  illumination  be  prolonged,  the  mins  show 
a  tendency  to  accumulate  on  the  side  of  the  celt  most  brightly  Oluminatfd, 
just  as  the  zoospores  of  Algas  do.  Under  unfavourable  external  oondi- 
tions  (low  temperature,  age,  or  deficient  light)  the  chlorophyll  grains  are 
arranged  against  the  sides  of  cells  adjacent  to  others^  and  not  on  the  free 
surface  as  under  normal  circumstances. 

Analogons  to  the  rotaitan  of  the  pfvtoplasm  are  the  movements  of 
the  ciliated  zoospores  of  the  Alga  and  of  the  cUiaied  tpennatozoidt 
or  aniherozoids  of  the  higher  Cryptogamia  and  the  Algse. 

Zoospores  are  formed  by  the  contents  of  vegetative  cells  becoming 
isolated  from  the  cell- wall,  and  individualized  into  one  ((Edogomum 
flg.  505),  a  few  (Ulva^  Uloihrix^  &c.),  or  numerous  {Cladophora^ 
flg.  512,  C,  and  PhsBosporead)  corpuscules,  which  break  out  from 
the  parent  sac,  and  when  free  are  seen  to  be  provided  with 
vibratile  cilia  (2,  4,  or  many),  and  to  swim  about  actively  for  a 
period  of  from  half  an  hour  to  several  hours,  then  to  settle  down, 
become  encysted  by  a  cellulose  membrane,  reassume  the  characters 
of  ordinary  vegetative  cells,  and  grow  up  into  new  plants  by  cell- 
division.  It  has  been  observed  that  those  zoospores  with  aUa  at 
one  end  direct  that  extremity  (which  is  destitute  of  chlorophyll) 
towards  the  h'ght ;  and,  moreover,  the  locomotion  of  these  bodies  is 
accompanied  by  a  movement  of  rotation  on  their  own  axis. 

Spermatozoids  are  filiform  bodies  of  various  forms,  mostly  present- 
ing one  or  more  spiral  curves,  or  minute  globules,  and  usually 
furnished  with  vibratile  cilia.  They  are  formed  by  a  metamorphosis 
of  the  protoplasmic  matter  of  cells  developed  for  the  purpose  in  the 
anthendia  of  the  CWptogamia.  They  are  extremely  minute,  but 
move  very  actively  when  they  escape  from  their  parent  cells,  con- 
tinuing to  swim  about  for  some  time,  being  destined  to  find  their 
way  to  the  archegonium  (or  to  the  spores  in  Algae),  to  perform  the 
fertilization  of  the  germ-K^ell.  Many,  however,  never  reach  this, 
and  they  gradually  cUssolve  away. 

In  the  Volvocinesa  (fig.  608,  D)  the  separate  primordial  utricles  lie 
imbedded  in  a  common  envelope,  without  a  membranous  cell-coat,  retsin- 
ing  their  vibratile  cilia  throughout  life,  only  becoming  encpted  and 
formed  into  proper  vegetable  cells  when  converted  into  TS8ting-9poi«& 
In  the  intimste  affinity  between  these  productions  and  the  I^tozoa,  or 
lower  Infusorial  Animalcules,  we  perceive  the  dose  bond  which  exists 
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between  animal  and  vegetable  organization  wlien  reduced  to  its  lowest 
tenns. 

As  long  as  a  cell  retains  its  active  protoplasm,  it  is  capable 
of  produdng  new  cells  and  organized  forms  of  assimilated  matter, 
like  starch  and  chlorophyll,  in  its  contents.  This  is  the  case,  of 
course,  in  all  nascent  tissues ;  but  it  ceases  to  be  so  at  various 
periods  in  different  parts  of  the  vegetable  organization.  In  all 
woody  tissuee,  in  all  pitted  and  spiral-fibrous  cells,  it  disappears 
early,  secondary  deposits  of  the  ligneous  character  being  formed 
apparently  from  the  watery  cell-sap.  In  herbaceous  organs,  such 
as  leavee,  in  the  cells  of  the  Cellular  plants  generally,  in  fact  in  all 
the  properly  living  structures,  the  protoplasm  remains. 

This  explains  why  the  power  to  form  adventitious  buds  exists  not  only 
in  the  cambium-layer  of  tne  higher  plants,  bul^  under  certain  conditions, 
even  in  the  leaves  (as  in  Bryopht/Uum,  Gloodnta^  &cX  and  why  gemmo' 
Hon  or  propagation  by  little  cellular  bulbils,  or  isolated  cells  detached 
from  the  vegetative  organs,  is  so  common  among  the  Cellular  plants,  and 
in  the  Mosses  and  Liverworts,  where  parenchymatous  tissues  so  greatly 
pi^dominate.. 

Nutriti4m  in  Cellular  Plants. 

The  elementary  structures  being  essentially  alike  throughout  the 
Vegetable  Kingdom,  and  the  physiological  phenomena  of  vegeta* 
tion  depending  almost  entirely  upon  processes  taking  place  in  the 
individual  cells,  it  is  very  instructive  to  examine  the  phenomena  of 
nutrition  and  growth  in  those  simply  organized  plants  in  which  we 
&re  able  to  observe  directly  the  changes  in  the  living  cells. 

Many  cellular  aquatic  plants  are  especially  adapted  for  these  researches, 
(torn  their  simple  structure,  transparency,  and  their  aquatic  habit,  which 
permit  us  to  keep  thepi  in  a  growing  condition  in  glass  cells  beneath  the 
microacone.  Bj  way  of  illustration  the  history  of  the  Yeast-plant  is 
nibjoinea. 

Tba  Yeast-plant. — ^What  is  called  the  ''Teast-plant'*  consists  of  a 
particular  form  of  the  mycelium  of  a  Fungus  ^fig.  587,  Tonda  cere^ 
M<e),  It  is  composed  of  simple  cells,  which  will  go  on  multipl3dng 
by  budding  for  an  mdetinite  time  if  placed  in  a  liquid  containing  a  mix- 
ture of  saccharine  or  dextrinous  substances,  toother  with  albuminous 
niatters^  at  a  moderately  warm  temperature  (59°--67^  F.),  bubbles  of  car- 
bonic dioxide  beinff  given  off.  These  cells  are  simple  membranous  vesi- 
<^i,  with  their  wsjls  formed  of  a  modification  of  the  compound  ^eeUtdose) 
of  which  all  vegetable  cell-membranes  are  formed,  and  mixed  with  which 
sie  very  minute  quantities  of  sulphur,  phosphorus,  potassiimi,  magne- 
siam,  and  calcium.  Within  the  cells  exist  nitrogenous  matter  in  the 
condition  of  protoplasm,  fatty  matter,  and  water.    The  increase  of  the 

Slant  is  dependent  on  the  assimilation  of  substance  requisite  for  the  pro- 
uction  of  new  cell-membranes,  and  of  other  substances  to  furnish  new 
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nitrogenoiis  contents.  When  no  material  for  fonuing  oeQnloBe  exists,  the 
plant  cannot  grow ;  but  in  solution  of  pure  su^ar  in  the  absence  of  asT 
nitrogenous  substance,  the  plant  will  multiply  its  cells  for  a  certain  time, 
the  protoplasm  of  the  old  cells  being  trans&rred  into  the  new  ones  as 
tbay  are  successively  evolved.  But  under  these  latter  drcumstanoes  the 
cells  become  gradually  smaller,  and  at  length  cease  to  multiply,  a  portion 
of  the  nitrogenous  matter  being  w€isted  in  the  reproduction  until  it  be- 
comes insumcient  to  carry  on  tne  grrowth. 

On  the  other  hand,  if  sufficient  nitrogenous  matter  exists,  the  fennents- 
tion  goes  en,  accompanied  by  the  production  of  a  more  developed  form  of 
the  myceiium^  consisting  of  elongated  interwoven  filaments  (tne  so-calkd 
Vmegur'platU) ;  and  development  of  this  continues,  if  not  interfered 
with,  until  the  liquid  consists  of  little  else  but  pure  water.  The  fiiuil 
form  is  the  so-caUed  ^*  mother "  of  vinegar,  which  destroys  the  aoedc 
acid. 

There  is  another  mode  in  which  the  Yeast-plant  is  multiplied,  and  that  is 


Fig.  587. 
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by  endogenous  segmentation  of  the  cells. 
The  protoplasm  divides  by  segmenta- 
tion (fig.  693)  into  four  subdivisions, 
around  each  of  which  a  new  ceU-wall  is 
secreted,  as  subsequently  explained, 
p.  685.  This  mode  of  multiplication  may 
oe  seen  by  placing  a  little  yeast  on  a 
thin  layer  of  plaster  of  Paris  beneath  a 
bell-glass  so  as  to  ensure  sufficient  mois- 
ture. After  a  week  or  more  the  new 
cells  may  be  seen  with  a  ^  object-glass. 
In  whichever  way  the  multiplication 
is  effiscted  it  is  clear  that  the  materials 
for  such  increase  must  be  derived  ^m 
without — the  plant  must  feed;  and 
it  has  been  found,  experimentally,  that  it  requires  substances  to  build  op 
and  renew  its  protoplasm  or  nitrogenous  constituent,  cellulose,  or  htXj 
materials  or  carbo-hydrates,  mineral  matters  (sulphur,  &c.),  and  water.  It 
is  not  necessary  that  these  substances  should  be  m  the  food,  simply  that 
the  latter  should  contain  the  elements  out  of  which  they  can  be  formed 
by  the  plant.  For  experimental  purposes  Pasteur*s  solution  *  may  be 
used :  tnis  consists  of  a  solution  of  sugar,  furnishing  the  hydrocarbon, 
ammonium  tartrate  supplying  the  requisite  nitrogen,  potassium  pbos- 
phate,  calcium  phosphate,  and  magnesium  sulphate  yielmng  the  requisite 
mineral  ingredients.    The  breaking-up  of  these  ingredients,  and  their 


The  Yeui-plAiifc  (TonJa);  laxc« 
fonn  Men  st  the  bottom  of  the 
liquid  and  smaller  fona  on  the 
mrfiuM  of  rtale  beer. 


*  Pasteur's  fluid  :— 

Potassium  phosphate 

20  parts 

Calcium  phosphate 

2    „ 

Magnesium  sulphate 

2    „ 

Ammonium  tartrate 

100    ,. 

Oane-Bugar 

1500    „ 

Water 

8576    „ 

10,000 


J 


CELL-LIFE.  553 

reeomlniiation  in  the  plants  in  the  single  cell^  is  a  ''  vital "  property,  one 
not  possessed  by  dead  matter. 

Fermentation. — ^The  succession  of  phenomena  exhibited  is  connected 
with  a  series  of  chemical  changes  which  are  probably  somewhat  as 
follows.  The  whole  of  the  processes  are  accompanied  by  evolution  of 
carbonic  dioxide.  The  earher  growth  can  go  on  without  access  of 
oxygen,  as  is  evident  from  the  fermentation  proceeding  in  large  vats 
with  a  stratum  of  carbonic  acid  several  feet  tnick  over  the  surface  of 
the  liquid;  the  ^owth  in  the  latter  stages  takes  place  most  freely 
▼ith  access  of  air.  The  original  liquid  contains  grape-sugar  (glu- 
coee)y  or  dextrine,  and  nitrogenous  matters.  If  the  yeast-cells  be  kept 
out  from  this  fluid  no  fermentation  occurs ;  but  if  yeast  be  added  the 
protoplasmic  matter  of  the  yeast  decomposes  a  portion  of  the  fluid, 
forming  cell-membranes.  The  chemical  action  set  up  disturbs  the  com- 
bination in  the  rest  of  the  sugar,  which  loses  carbonic  dioxide  and 
becomes  alcohol.  If  the  growth  of  the  Fungus  continues,  the  alcohol 
becomes  decomposed  (seemingly  by  contact^ction  again),  absorbs  oxygen 
from  the  atmosphere,  and  becomes  acetic  acid. 

It  is  not  clear  in  most  cases  to  what  extent  the  Fungns  is  nourished 
oa  the  alcohol,  or  on  the  saccharine  or  dextrinous  matters  mixed  with 
the  aloohoL  To  form  cell-membrane  from  alcohol  would  require  the 
absorption  of  a  large  quantity  of  oxvgen,  and  the  formation  of  much 
acetic  acid  and  water.  The  growth  of  the  Vinegar-plant  in  solution  of 
fiogar,  then,  would  appear  to  cause  simple  liberation  of  water,  while  the 
contact-action  in  like  manner  decomposes  the  sugar  into  acetic  acid.  The 
''  mother  of  vinegar ''  finally  is  developed  at  the  expense  of  acetic  acid, 
with  separation  of  water. 

The  processes  here  briefly  described  cannot  be  disregarded  when  we 
inquire  into  the  mode  in  which  ]^lants  generally  take  up  their  food. 
Not  only  do  the  Fungi  all  feed  m  this  way — as,  for  mstance,  the 
Diy-rot  (Merulius)f  which  lives  on  the  dead  substance  of  timber,  or  the 
parasites  like  Puccinia,  the  Potato-fungus,  &c.,  which  send  their  myce- 
lium into  the  tissues  of  living  plants  to  feed  upon  their  juices — but  the 
same  laws  evidently  regulate  the  nutrition  of  the  colourless  parasites^ 
mch  as  Orobanchacesd  (p.  d2d),  and  the  Balanophorads  and  allied  plants 
(p.  354). 

Following  out  this  train  oi  reasoning,  we  are  irresistibly  led  to 
the  condasion  that  the  same  processes  may  occur  in  all  plants 
under  particular  circumstances,  although  not  absolutely  necessary 
except  at  certain  stages  of  growth. 

Germination. — ^In  germination,  doubtless  the  decomposition  of 
the  store  of  starch  &e.,  with  evolution  of  carbonic  dioxide,  during 
the  recommencement  of  cell-development,  is  a  phenomenon  essen- 
tially similar  to  the  development  of  the  Yeast-plant.  And  we 
cannot  find  any  reason  to  suppose  that  the  roots  of  plants  can 
r(fu$e  to  take  up  organic  matters  existing  in  a  state  of  solution  in 
the  soil.  The  extent  to  which  growth  may  be  stimulated,  without 
access  of  light,  by  profuse  supplies  of  organic  food,  is  strikingly 
illastrated  by  the  many  succulent  vegetables  cultivated  for  the  table, 
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such  as  Sea-kale,  Celery,  forced  early  Rhubarb,  &c.  And  the 
tissues  of  the  plants  thus  grown  have  exactly  that  weak,  succnlent 
character  which  is  so  strikmg  in  most  leafless  parasitic  plants  and 
Fungi. 

Further  applicationB  of  these  hcta  will  he  dwelt  on  in  the  sooceeding 
Sections. 

Assimilation  of  Inorganic  matter. — By  far  the  most  striking 
phenomena  of  vegetative  life  are  those  in  which  inorganic  matters 
are  assimilated,  and  the  gaseous  and  liquid  constituents  of  the 
atmosphere  and  soil  supply  the  requisite  food. 

If  all  plants  reqaired  organic  food,  the  organized  substance  upon  the 
fflohe  must  continually  decrease,  since,  as  we  nave  just  seen,  those  which 
do  live  upon  organic  matter  waste  this  through  decomposition  by  cotUadr 
acHon,  But  the  organic  matter  of  soils,  upon  which  plajits  grow  and  decay 
in  successive  crops,  undergoes  continual  increase,  as  we  observe  in  the 
accumulation  of  vegetable  mould  on  undisturbed  grass  plains  and  in  forests 
where  the  debris  (Mien  leaves,  underwood,  &c.)  is- not  removed. 

Food  of  Plants. — The  majority  of  plants  feed  upon  water, 
carbonic  dioxide,  ammonia,  nitrates  (and  perhaps  other  nitrogenous 
compounds),  with  small  quantities  of  various  other  elements,  such 
as  sulphur,  phosphorus,  and  the  salts  of  lime,  potash,  &c.  Such 
plants  can  only  flourish  under  the  influence  of  light ;  and  under 
this  influence  they  produce,  from  the  above  materials,  new  cellulose 
&c.  and  protoplasmic  matter.  The  assimilation  is  in  such  cases, 
as  a  general  rule,  accompanied  by  the  assumption  of  a  green  colour, 
from  the  formation  of  chlorophyll. 

Exceptions  to  the  last  assertion  appear  to  exist  in  the  red,  olive,  and 
other  peculiarly  coloured  Algae,  in  which  no  chlorophyll  is  produced: 
but  we  are  ignorant  of  the  processes  which  go  on  in  tie  vegetation  of 
these  plants. 

Nntrition  in  Alge. — The  history  of  the  changes  which  take  place 
in  the  cell-contents  of  the  green  Oonfervoid  Algas  (figs.  512,  513), 
which  we  are  able  to  observe  to  a  certain  extent  beneath  the  micro- 
scope, affords  some  material  towards  the  comprehension  of  the  pro- 
cesses which  have  their  seat  in  the  green  parts  of  the  higher  pluits. 

We  observe,  in  the  elongating  apical  or  branching  cells  of  the  Confer* 
voids,  that  the  contents  of  the  nascent  parts  (as  in  die  upper  half  of  the 
dividing-cell  of  (Edogonwrn  &c.)  are  cniefly  composed  of  coloarless  pro- 
toplasm, with  watery  cell-sap.  Under  the  influence  of  light,  green 
chlorophvll-corpuscles  become  more  and  more  abundant;  and,  under 
favourable  circumstances  of  light  &c.  (accompanied  by  liberation  of 
oxygen  gas),  the  chlorophyll-corpuscles  soon  present  starch-granules  in 
the  interior,  which  multiply  and  increase  considerably  in  size.  This 
formation  of  starch  occurs  chiefly  after  the  cell  has  attained  its  iiill 
growth,  and  may  be  regarded  as  a  continuation  of  the  process  whieh 
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produced  ftiie  cellulose  of  the  cell-wall,  now  no  longer  required  for 
the  puposes  of  the  individual  cell,  the  contents  of  which,  however, 
proceed  with  their  assimilatiTe  action.  After  a  time  the  cell  prepares  for 
propagation,  or  reproduction.  Theu  the  starch-granules  disapj^ear, 
apparently  by  solution,  into  deztrinous  or  analogous  matter  requisite 
for  the  deyelopment  of  new  cell-membrane,  which  soon  takes  place, 
either  in  cell-diyision  (p.  451),  or,  if  the  primordial  utricle  is  dis- 
charged from  the  parent  cell  in  the  form  of  zoospores  (p.  451),  in  the 
formation  of  the  cell-membranes  of  these  bodies  after  they  haye  come  to 
rest 

Where  resting-spores  are  to  be  formed,  different  changes  ensue  after 
the  solation  of  the  accumulated  starch.  The  new  cell,  intended  to  remain 
in  a  aoiescent  condition,  becomes  coated  bj  a  cellulose  membrane,  or  often 
two  oistinct  concentric  coats ;  and,  at  the  same  time,  that  portion  of  the 
contents  consisting  of  dextiinous  or  analogous  matter  whicn  has  not  been 
coDsamed  in  formmg  cell-membrane  becomes  converted  into  Jixed  oi7,  the 
gifen  colour  disappears,  and  the  contents  assume  a  red  or  brown  colour, 
and  extemal  stimuli  (light,  &c.)  produce  no  influence.  When  these 
bodies  germinate  (which  usually  only  occurs  after  they  have  been  dried 
up  and  are  again  placed  in  water),  the  chlorophyll  gradually  reappears 
and  the  oil  vanishes,  and  the  entire  course  is  run  through  again. 


of  Stored  Natrlmeni — Metart««to. — Comparing  these  phenomena 
^th  what  we  observe  in  the  higher  plants,  we  notice  the  similarity  as  r^ 
gaids  the  production  of  chlorophyll  in  the  leaves,  followed  by  the  appearance 
of  starch-granules,  as  a  form  oi  accumulated  nutriment.  But  the  mnctions 
Wng  more  localized  as  the  organization  is  more  complicated,  the  starch 
thus  formed  is  subsequently  dissolved,  and  is  carried  away  to  the  growing 
tiasuee  of  the  plant,  to  the  ouds,  cambium-region,  and  roots,  where  it  is 
laid  up  in  autumn,  very  often  in  this  same  form,  but  not  unfrequently  in 
the  condition  of  fixed  oil,  as  in  the  rhizomes  of  Cyperw,  of  LastrtBa 
FHix-maSy  &c.,  and,  above  all,  in  structures  which,  like  the  re^tinffspores 
aboTe  mentioned,  are  to  remain  quiescent  while  exposed  to  considerable 
dirersity  of  external  conditions,  namely  in  seeds,  as  in  the  cotyledons  of 
Cnictfer»,  Almonds,  Nuts,  Walnuts,  &c.,  or  in  the  perisperm  of  Poppies, 
Enphorbiacece,  &e. 

The  oil  (or  starch  in  other  cases)  stored  up  in  the  seeds  and  rhizomes 
by  metasUuU  undergoes  decomposition  and  solution  in  germination,  to 
enpply  material  for  uie  cell-memoranes  of  the  nascent  plant  until  the  roots 
have  l)eoome  sufficiently  developed  to  provide  for  it 

We  have  at  present  no  very  satisfactory  evidence  of  the  kind  here 
hrought  forward  to  indicate  the  mode  in  which  the  nitrogenous  matters, 
necessaiy  for  the  formation  of  new  protoplasm,  are  taken  up.  The  ques- 
tion of  the  aseiinilation  of  nitrogenous  matters  will  be  considered  in  the 
following  eection,  on  the  Food  of  Plants. 

Sect.  3.  Food  of  Flakts. 

Conftitiients  of  Plants. — ^The  first  step  in  the  investigation  of 
this  subject  is  to  ascertain  what  substances  enter  into  the  compo- 
vition  of  vegetable  structures  and  juices. 
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Analyses  of  plants  bj  chemical  means,  and  in  some  instances  by 
the  spectrum,  have  demonstrated  the  existence  of  the  following  che- 
mical elements  in  plants : — Oxygen  (0),  Hydrogen  (H),  Oirboii 
(C),  Nitrogen  (N),  CWorine  (Ci%  Bromine  (Br),  Iodine  (I),  Flnorine 
(F),  Sulphur  (S),  Phosphorus  (P),  Silicon  (Si),  PotasBJum  (K), 
Sodium  (Na),  Calcium  (Ca),  Magnesium  (Mg),  Aluminium  (Al), 
Manganium  (Mn),  Iron  (Fe),  Zinc  (Zn),  Copper  (Cu),  Lead  {Yh\ 
Titanium  (Ti),  Arsenic  (As),  Lithium  (Li),  Eubidium  (Bb),  Caesium 
(Csb),  Strontium  (Sr),  and  Barium  (Ba). 

All  of  these,  however,  do  not  exist  in  every  vegetable  substance ;  the 
first  four  are  universally  present,  while  a  perfectly  healthy  condition  can- 
not be  assured  unless  sulphur,  potassium,  calcium,  magnesiuni,  iron,  and 
phosphorus  are  also  present  at  some  time  or  other.  Some  of  these  substioced 
are  uissipated  by  burning,  others  remain  after  burning  and  constitute  the 
ash ;  such  are  the  earthy  alkalies  and  metallic  substances.  The  propor- 
tion of  ash  ingredients  is  about  3-6  per  cent,  of  dry  matter,  i.  e,  matteff 
dried  till  they  cease  to  lose  weight  at  a  temperature  of  100^  G. 

Proportionate  AuantitieB  of  the  Constituents. — These  elements 
are  not  taken  up  by  plants  in  a  simple  form ;  and  none  of  them 
exist  as  such  m  vegetable  substances.  The  compounds  of  the 
different  elements  differ  much  in  the  proportion  in  which  thej 
exist.  Water  (HO  or  H,0)  may  form  90  to  95  per  cent.  Of  the 
dry  substance,  compounds  of  carbon,  hydrogen,  and  oxygen  (C,  H, 
O)  may  form  66  per  cent. ;  the  carbon  furnishing  about  50  per 
cent.,  the  oxygen  about  33  per  cent.,  the  hydrogen  about  5  per 
cent.,  the  nitrogen  |-4  per  cent. ;  the  alkalies,  earths,  and  metallic 
oxides  commonly  form  1  to  4  per  cent.,  in  rare  cases  as  much  89 
20  per  cent. 

The  great  mass  of  all  plants  is  composed  of  the  first  four  elements  in 
the  list — the  solid  parts  of  compounds  of  carbon,  hydrogen,  and  oxygen ; 
the  protoplasmic  cell-contents  of  compounds  of  these  three  elements, 
with  the  addition  of  nitro^n.  Sulphur  and  phosphorus  appear  to  he 
necessary  constituents  also  in  the  proto{)lasmic  compounds ;  the  alkalies 
and  earths  are,  in  most  cases,  re(juisite  in  the  processes  of  elaboration, 
but  may,  in  many  cases,  be  substituted  for  one  another,  and  perhaps  m 
certain  cases  may  be  replaced  by  ammonia.  Potash  is  an  inoispensahle 
element  in  plant-growth — ^its  presence  being  essential  in  the  formataon  of 
starch  from  chlorophylL  Chlorine  is  necessary  in  many  plants :  iodine 
and  bromine  are  also  met  with,  particularly  in  marine  pluits ;  but  it  is 
not  clear  whether  their  presence  is  necessary,  or  merely  an  inevitable 
result  of  the  absorption  ot  sea-water.  Iron  and  manganese  are  met  with 
very  commonly,  iron  being  essential  to  the  formation  of  chlorophyll^  ui^ 
therefore  of  the  utmost  consequence  to  plant-^ffrowth ;  copper  and  ivic 
more  rarely ;  silica  abounds  in  certain  Orders  (Grasses,  Eqmsetacefs),  and 
is  met  vrith  in  many  plants  in  smaller  proportions.  The  most  neeessaiy 
ingredients  for  the  due  nutrition  of  the  plant  are,  in  various  proportiooa 
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according  to  circmnBtances,  a  nitrate  or  an  ammonia  salt,  a  salt  of  potash, 
Eodft,  lime,  magnesia,  and  iron,  while  lime  is  necessary  in  the  formation 
of  the  cell-wall.  These  suhstances  appear  to  act  as  ferments :  for  instance. 
lime  is  stated  to  effect  the  conversion  of  cane-suffar  into  cellulose,  ana 
to  be  influential  in  tiie  transport  of  starchy  materials  in  a  soluble  form. 

Sources  of  Nutriment. — We  have  stated  that  (green)  plants  in 
^neral  acquire  their  nitrogenous  food  by  their  roots  (from  the 
nitrates  of  the  soil),  and  their  carbonaceous  food  by  their  leaves. 
The  sources  of  the  food  are  therefore  the  soil  and  atmosphere  in 
trhich  plants  grow ;  and  the  inquiry  presents  itself  at  once  as  to  the 
(orm  in  which  the  food  is  supplied  to  and  taken  up  by  plants. 

How  Plants  get  their  Food. — On  the  one  hand,  we  know  that 
plants  can  absorb  substances  only  in  a  liquid  or  gaseous  form ;  on 
the  other,  we  know  that  both  the  atmosphere  and  the  soil  contain 
carbonic  dioxide,  water,  and  various  nitrogenous  compounds 
K)}able  in  the  latter.  The  alkalies,  earths,  <&c.  exist  only  in  the  soil, 
and  in  more  or  less  abundance  and  in  more  or  less  soluble  forms 
in  different  cases. 

Observation  teaches  us  that  the  simpler  plants,  such  as  the 
Pahnellese,  Lichens,  many  Mosses,  &c.,  can  grow  upon  bare  rocks 
or  stones,  and  obtain  their  carbon,  hydrogen,  oxygen,  and  nitrogen 
from  the  atmosphere  alone ;  and  experiment  shows  that  these  are 
^applied  in  the  form  of  carbonic  dioxide,  water,  and  ammonia ;  the 
substratum  here  supplies  only  the  small  proportion  of  mineral 
sobstance  that  is  required.  Moreover  it  is  possible  to  grow  a 
plant  to  maturity,  and  even  to  make  it  ripen  its  seed,  in  distilled 
water  containing  in  solution  only  the  ash-elements  of  aquatic 
plants,  such  as  Confervas,  &c.  Similar  growth  may  be  obtained 
by  growing  a  plant  in  a  watery  solution  of  the  necessary  mineral 
ingredients  of  the  plants,  together  with  a  nitrate  or  an  ammonia 
salt,  the  excess  of  carbon  in  these  cases  being  derived  from  the  air. 
^tunerous  and  important  results  have  been  obtained  by  growing 
plants  in  experimental  solutions  of  this  kind — water  culture  ;  and 
bv  their  aid,  as  well  as  by  field  trials,  it  has  become  possible  to 
compound  ariifieial  manures  adapted  to  the  requirements  of  parti- 
cular plants. 

Farther,  it  is  observed  that,  if  a  vegetation  of  this  kind  goes 
on  midisturbed  for  a  lengthened  period,  the  decay  of  successive 
generations  of  plants  leads  to  the  accumulation  of  organic  substance, 
in  vegetable  mould,  the  material  of  which  has  been  derived  from 
the  atmosphere  by  the  plants,  but  has  not  been  eonsumedj  i.  e, 
decomposed  into  its  original  forms  of  carbonic  dioxide  &c.,  by  them 
&nd  their  successors. 

From  these  facts  it  has  been  concluded,  in  the  first  place,  and 
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traly,  that  green  plants  hare  the  power  of  feeding  upon  inorganic 
substances,  and  fixing  them  in  definite  organic  compounds : 
secondly,  but  with  less  justice,  that  this  is  the  universal  law  of 
vegetable  nutrition — that  plants  live  exclusively  on  inorganic  sub- 
stances, which  they  convert  into  organic  matters  unfit  for  their 
own  use,  aud  only  assimilable  after  a  new  decomposition.  In 
regard  to  certain  plants  this  last  assertion  is  altogether  inadmis- 
sible, namely  the  Fungi,  the  so-called  insectivorous  plants  such  as 
Drosera^  &c.  (in  which  animal  substances  are  dissolved,  absorbed, 
and  appropriated  by  the  action  of  a  ferment),  and,  above  all,  the 
colourless  parasites  ;  and  not  only  is  it  contradicted  by  the  phe- 
nomena of  their  life,  but  it  is  opposed  to  the  universal  experience 
derived  from  observation  of  the  cultivation  of  plants.  Lastly,  we 
know  of  no  cause  why  plants  should  refuse  to  absorb  organic 
substances  presented  to  them  in  a  state  of  solution  favourable  to 
endosmotic  action  in  the  roots. 

It  is  very  true  that  many  even  of  the  higher  plants  will  grow  upon  soil 
almost  destitute  of  orgamc  matters,  as  we  see  on  sandy  heaths  &c. ;  but 
the  kind  of  vegetation  which  characterizes  such  soils  is  very  diferent 
from  that  which  clothes  land  covered  with  vegetable  mould.  And  the 
influence  of  manures  in  agriculture  must  be  attnbuted  in  a  Rreat  measure 
to  the  extensive  aid  afibraed  to  the  plant  in  tiie  shape  of  additional  sup- 
plies of  organic  matters,  which  bear  a  kind  of  compound  interest,  since 
the  increased  growth  they  produce  gives  increased  power  of  independent 
assimilative  action. 

Spontaneous  vegetation  is  nourished  principally  by  carbonic 
dioxide  and  ammonia  always  existing  in  sufficient  proportions  in 
the  atmosphere.  The  former  substance  is  taken  up  by  the  leaves, 
and  the  latter  is  also  absorbed  by  the  aerial  organs  of  plants ;  but 
the  principal  supply  to  the  higher  plants  seems  to  be  furnished 
through  the  soil,  which  receives  ammonia  dissolved  in  rain  and 
dew,  and,  where  porous,  absorbs  it  greedily.  Soil,  and  specially 
the  carbonaceous  portions,  has  also  the  power  of  absorbmg 
ammonia  from  the  atmosphere. 

Plants  growing  upon  soil  abounding  in  decaying  vegetable  and 
animal  matters  are  doubtless  supplied  with  part  of  their  food  from 
these  sources.  Ammonia  is  a  constant  product  of  decomposition 
of  animal  substance,  carbonic  dioxide  of  this  and  vegetable  matter. 
But  from  the  researches  of  Mulder  it  would  appear  probable 
that  the  old  vegetable  matters  may  pass  into  the  living  plants 
without  undergoing  decomposition  into  carbonic  dioxide  and  water. 
The  black  decaying  matter  of  vegetable  origin,  called  hwnws^  is 
decomposed  in  the  soil  into  a  series  of  organic  acids,  of  which 
the  last  members  possess  much  affinity  for  ammonia,  and  form  both 
with  it  and  the  alkalies  soluble  saltff,  which  may  be  absorbed  as 
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such  hj  the  roots.  In  favour  of  such  a  view  is  the  fact  that 
carbonate  of  ammonia,  or  ammonic  carbonate  (decomposable  by 
crenic  and  apocrenic  acids),  appears  in  many  cases  hurtful  when 
applied  directly  to  the  roots  of  plants.  In  addition  to  the  ten- 
dencT  of  these  organic  acids  to  attract  ammonia,  they  seem  to  be 
capable  even  of  causing  its  production  in  the  soil,  since  in  the 
progressiye  oxidation  of  humus  taking  place  at  the  expense  of 
water  (H^O),  the  hydrogen  of  the  latter  possibly  combines  in 
its  nascent  state  with  the  nitrogen  of  the  atmosphere  to  form 
ammonia. 

It  has  been  common  in  recent  workn  to  find  the  value  of  hnmous  or 
ctrbonacdoas  matters  in  the  soil  estimated  very  low ;  they  have  been 
regarded  either  as  merely  improving  the  (physically)  aosorbent  power  of 
60U,  or  as  sources  of  carbonic  dioxide,  already  sufficiently  provided  by 
the  atmosphere.  But  the  above  observations,  borne  out  by  the  ej^eri- 
menta  in  Tuinip-growing  by  Lawes  and  Qilbert,  are  in  favour  of  a  higher 
estimate  of  the  value  of  decaying  carbonaceous  matters,  and  of  regarding 
them  as  important  constituents  of  farmyard  manures  for  certain  purposes. 
Lawes  and  Gilbert  found  that  stimulating  nitrogenous  manures  m  excess 
were  rather  detrimental  to  the  growth  of  turnips,  leaf-formation  going 
on  at  the  expense  of  the  roots;  but  this  was  counteracted  in  a  great 
meaaore  by  supplying,  with  the  nitrogenous  manures,  carbonaceous  sub- 
etances  in  consideiable  proportion.  Corenwinder,  however,  states  that 
the  roots  exhale  carbonic  dioxide  and  do  not  absorb  it  except  in  very 
minate  quantities. 

Sources  of  Nitrogen. — It  was  once  supposed  that  there  was  a 
power  in  living  plants  to  fix  free  nitrogen  from  atmospheric  air ; 
Dut  this  is  conclusively  negatived  by  the  experiments  of  Bous- 
singault,  Lawes  and  Gilbert,  Pugh,  and  others.  That  ammonia 
is  not  absolutely  necessary  for  the  food  of  plants  is  indicated  by 
the  effect  of  nitrates  as  manures,  rivalling  that  of  salts  of  ammonia. 
Moreover  it  has  been  stated  that  ozone  (a  peculiar  condition  of 
oxygen)  converts  ammonia  into  nitrous  acid ;  and  there  is  reason 
to  suppose  that  the  ozone  condition  of  oxygen  is  produced  in 
certain  cases  in  the  liberation  of  that  element  by  plants.  Schlosing 
states  that  the  ammonia  supplied  to  the  soil  becomes  (if  light  be 
excluded)  converted  in  the  soil  into  nitrates  by  the  agency  of  a 
vegetable  organism  acting  as  a  ferment. 

The  amount  of  nitrogen  supplied  to  the  soil  by  rain  is  insufficient 
to  ftooount  for  the  amount  found  in  plants;  but  this  quantity  is  sup- 
plemented by  the  direct  absorption  ot  ammonia  by  the  leaves,  as  well 
88  from  the  soiL  Deh^rain  supposes  that  decaying  vegetable  matter 
has  the  power  of  producing  ammonia  from  the  free  nitrogen  of  the  air; 
Wt  Us  experiments  have  not  been  confirmed.  Schlosing  confirms  the 
ex^riments  of  Sachs  and  Meyer  as  to  the  absorption  pr  the  leaves, 
and  also  by  the  soil,  of  gaseous  ammonia,  and  corroborates  tne  statements 
that  ihib  free  nitrogen  of  the  air  is  not  available  for  plants  except  to  the 
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small  extent  in  which,  by  thiinder-etorms  and  electrical  digtnrbanoes,  it 
is  converted  into  nitrous  acid,  which  latter  becoming  oxidized,  becomt^ 
carried  down  to  the  soil  as  ammonic  nitrate. 

A  large  proportion  of  nitrate  is  lost  by  draina^  and  ultiniately  finds 
its  way  into  the  sea,  where  it  serves  to  nourish  the  marine  plants, 
which  in  their  turn  feed  the  animals.  These  latter,  in  decaying,  yield 
ammonia,  the  excess  of  which  is  volatilized  into  the  air,  which  is  thus 
continually  supplied  with  ammonia,  and  diffused  over  the  surface  of 
the  ^lobe.*  According  to  Schlosing,  the  ocean  is  the  great  source  of  com- 
bined nitrogen,  ammonia  forming  the  means  by  which  it  is  conveyed  to 
every  part  of  the  globe,  supplying  the  requirements  of  the  vegetable 
world.  Berthelot  considers  that  the  nitrogen  may  be  acquired  from  the 
atmosphere  by  electric  action. 

Camlvoroos  Plants. — ^One  occasional  source  of  nitrogen  remains  to 
be  spoken  of,  for  though,  according  to  our  present  knowle^^,  exceptiooal 
it  seems  probable  that  it  is  more  general  tnan  it  is  at  present  proved  to  be. 
For  many  years  it  had  been  known  that  some  plants,  such  as  I^tcher- 
plants  (NeperUkes),  Sun-dew  {Drosera),  Venus  Fly-trap  (Dummri),  acted 
as  fly-traps,  retaining  insects  which  alighted  on  them,  but  it  was  hardly 
supposed  that  these  insects  contribute  to  the  nutntion  of  tilie  plant. 
The  experiments  of  Hooker,  Darwin,  Tait,  Vines,  and  others  have,  how- 
ever, conclusively  shown  that  insects  and  various  animal  matters  are  :— 
1,  retained  by  viscid  exudation,  or,  as  in  Drosera  and  Diorueoj  by  mov^ 
ments  of  the  leaf-lobes  analogous  to  acts  of  prehension  in  animals ;  2, 
dissolved ;  3,  absorbed ;  and  4,  appropriated  to  the  requirements  of  the 
plant.    The  shape  of  the  Pitcher-plants  j-     ggg^ 

(Nepenthes y   SitrraceniOf    &c.)    is    evi-  *' 

dently  adapted  to  retain  insects  which 
may  be  attracted  on  or  &11  into  them 
by  accident ;  and  their  conformation  is 
such  as  to  prevent  their  exit,  while  their 
intimate  structure  is  such  as  to  facili- 
tate dissolution  and  absorption.  The 
lobes  of  the  leaf  of  Drosera  &c.  are 
endued  with  sensitiveness,  so  that  when 
an  insect,  or  a  piece  of  meat  or  albu- 
men, and,  stiU  more,  a  fragment  of 
ammonia  salt,  comes  in  contact  with  the 
leaf,  the  lobes  in  question  instantly 
begin  to  fold  over  and  imprison  the 
intruding  substance  (fig.  588),  which 
gradually  disappears,  some  or  the  whole 
of  it  being  aosorbed — a  process  at- 
tended by  retraction  of  the  protoplasm 
firom  the  waUs  of  the  cell  in  the  shape 
of  a  baU  (see  fig.  690).  It  was  further 
shown  by  Riess  and  Wills  that  the     Le,tfofz>nN..^diowii«gttiei^«idiiUr 

solution    of  these  nitrogenous    matters    hAin  on  one  half  infolded  over  uiisMet. 

is  dependent  on  the  presence  of  a  substance  which  acts  like  a  fermoit, 
and  m  the  absence  of  which  digestion  does  not  take  place.  Gorap, 
Besanez,  and  Vines  have  shown  that  this  ferment  closely  resembles  that 
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of  the  peptic  gUsda  of  auinuda,  and  is  onlj  efficient  when  aseodated 
Kiih  ui  acid  ;  so  that  tbe  solution  of  aitrogenous  mattera  bj  the  leave:), 
pitchers,  ud  other  oigftna  of  certun  plauts  is  dow  shown  to  be  a  true 
di^odvs  process,  lesembling  in  every  particular  the  correaponding  pro- 
osi  in  the  intestiiiKl  canal  of  animals. 

Ajumonia  salts  bsva  also  been  found  to  be  rapidly  absorbed,  and  to 
eicite  the  sensitiveness  of  the  plants  to  an  eitraordinarv  extent :  still  the 
xtiul  benefit  to  the  plant  seemed  doubtful;  for  to  ordinarv  observation 
ibese  so-called  carnivorous  planta  appear  to  thrive  quite  as  irall  without 

Fig.  689. 


ISg.  Ese.  Celli  of  ppul  of  HMihon-  prior  to  ippliatinn  ot  mtn. 
Fill,  fibO.  C^il»oip9t*itoiBMtborMt  kfter  the  appluvtionof  me&t. 

u  with  nitrt^enoua  diet.  To  settle  this  point,  Mr,  Francis  Darwin 
"iperitnented  on  a  large  number  of  plimts  of  Droitra  grown  under  like 
nuditions,  half  of  tbem  fed,  the  other  not  receiving  sititicial  supplies. 
The  peneral  nault,  mven  in  the  following  Table,  shows  the  great  benefit 
derived  by  the  fed  plants,  espeeiallj  in  the  fornuition  of  seeds : — 

RauUa  of  Erpm-imenta  on  Drosera. 

^  CnfHl.       F»d. 

Total  weight  of  plants,  excluding  flower-sterna. . , .  lOO  1J2 

Total  number  of  floweivBtems 100  llS-5 

Slim  of  heights  of  flower- BteniB 100  ItW 

Total  weigbt  of  flower-sterna   100  232 

Total  number  of  cftpaules 100  194 

Average  number  of  seeds  per  capsule 100  12;t 

Total  weight  of  seeda    100  :.'42 

TotJ  number  of  aeeda 100  3d0 

Sonrcef  of  Hineral  Food. — For  their  mineral  food,  plants  are 
of  c-ouree  chiefly  depiident  on  the  soil  in  which  they  grow.  The 
gradual  decomposition  of  rocks  furnishes  the  earthy  and  alkaline 
constituents,  which  must  vary  on  different  formations  or  according 
to  diluvial  actions.     Marine  plants  naturally  accumulate  many  of 
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the  mineral  elements  of  sea- water ;  and  plants  growing  new  t"He 
sea  derive  a  certain  amount  of  the  salts  of  sea-water  from  th^ 
atmosphere,  brought  by  the  winds ;  the  salt  spray  is  shown  to  H* 
carried  great  distances  by  its  being  injurious  and  destroctiTe  to 
many  kmds  of  plants  growing  exposed  to  sea-winds. 

Sect.  4.  ABsoBFTToir. 
Since  the  lower  plants  consist  of  closed  cells,  in  the  interior  of 
which  their  vitalized  substance  resides,  and  the  membrane  of  their 
cells,  so  far  as  our  investigations  can  reach,  is,  in  general,  d^- 
tute  of  orifices,  the  food  of  these  plants  can  only  be  taken  up  ini 
a  liquid  or  gaseous  condition  by  the  still  mysterious  process  of 
imbibition. 

In  plants  of  more  complex  organization,  although  loose  parenchymat^o^ 
tissues  exist,  and  the  interspaces  become  concerned  in  at  least  secrfti***^ 
the  external  surface  of  the  plant,  by  which  food  must  penetrate,  is  cst^ 
fully  guarded  by  a  continuous  epidermis,  entirely  devoid  of  orifices  in  tiK 
roots,  the  principal  absorbing  oi^fifans :  and  though  perforated  by  etoma's^ 
orifices  in  the  leaves  and  other  aerial  organs,  these  are  carefully  guard^l 
by  special  contrivances  to  prevent  the  entrance  of  solid  matter,  and  in  all 
cases  lead  merelv  to  intereeUttUar  passages,  external  to  the  membnnes  of 
the  vegetable  cells. 

Alisorption  in  Cellular  Plants. — In  the  Fungi  and  Algsp  a^ 
sorption  appears  to  take  place  freely  at  all  points  of  the  thallu<<  to 
which  gases  and  liquids  have  access.  The  structure  of  Mofw»*5. 
Hepatic«e,  and  the  smaller  members  of  the  higher  groups  of  Crrp- 
togams  are  likewise  so  simply  cellular  that  they  appear  to  be  little 
dependent  on  root-structures. 

Absorption  in  Yascnlar  Plants. — In  the  higher  Cryptogainia 
and  the  Fhanerogamia  the  absorption  of  liquids  appears  to  N? 
confined  to  the  roots  and  the  root-hairs,  the  epidermis  of  tb? 
leaves  <&c.  being  in  general  so  organized  as  to  oppose  the  entnn<y 
of  water,  while  the  stomatal  cells  which  guard  its  orifices,  swellii-^ 
up  so  as  to  close  the  slit  between  them  when  filled  with  flni<l 
concur  to  prevent  the  absorption  of  water  or  other  liquid.  Gaspf, 
however,  penetrate  freely  through  most  cell-membranes,  and  hen*'^ 
may  be  absorbed  by  leaves,  and  can  pass  freely  through  the  stomaa 
into  the  intercellular  passages. 

Osmosis. — The  physical  phenomena  of  difkisicn  and  otrnttue  are  the  hk^ 
important  a^nts  in  the  acquisition,  by  the  cell-contents,  of  material  fn  m 
without.  These  phenomena  depend,  first,  on  adhesion  of  the  liquid  ^ 
the  solid,  and  then  on  any  circumstances  which  cause  movement*  in  tb<* 
moleculef)  of  the  liquid,  such  as  the  attraction  one  for  the  other  of  t^a 
fiuids  of  difierent  natures  and  densities. 

We  may  say,  in  general  terms,  that  when  two  liquids  of  difleccnt  d«- 
sitiee  (the  one  ^colloidal;'  or  little  difiusible,  the  other  << cy^stoOw/,'* <v 
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greatly  diffiisible)  are  separated  by  a  membrane  or  other  porous  substaDce, 
the  denser  liquid  becomes  increased  in  bulk  by  the  passajj^  of  the  thinner 
liquid  into  it  through  the  membrane.  This  rule  is  indeed  subject  to 
modiiications,  dependent  upon  other  qualities  besides  density  of  the 
liquids,  such  as  their  molecular  reUtions  to  the  substance  of  the  separating 
membrane,  the  molecular  nature  of  the  membrane  itself,  &c.,  since,  of  two 
different  liquids,  that  which  is  more  readily  imbibed  by  the  membrane 
passes  through  in  a  preponderating  current. 

When  we  place  simple  vegetable  cells  with  flexible  cell-membranes, 
such  as  many  pollen-grains,  yeast-globules,  &c.,  in  water,  their  dense 
cell-contents  absorb  water  and  the  cell-wall  expands,  sometimes  even 
bursts.  On  the  other  hand,  placed  in  strong  solutions  of  sugar  or  gum, 
such  cells  will  lose  part  of  their  contents  and  shrink.  But  these  simple 
experiments  are  not  sufficient  to  indicate  what  takes  place  in  the  cells  of 
tusues  tilled  with  living  protoplasmic  matters ;  for  verv  frequently,  when 
we  place  such  cells  in  liquids  differing  in  density  from  tLeir  contents,  there 
ensue  successive  changes  of  condition,  which  must  also  be  involved  in 
many  natural  processes.  Thus  if  we  place  in  water  a  fragment  of  cellular 
tissue  from  the  region  where  pollen-grains  are  being  developed  in  the 
anther,  or  spores  in  sporanges,  water  is  absorbed  through  the  cellulose 
coat,  but  the  primordial  utricle  contracts;  but  when  the  water  pene- 
trates the  latter,  it  swells  again  and  sometimes  expands  beyond  its 
original  volume,  bursting  the  cell-membrane  when  this  is  weak. 

The  presence  of  a  membranous  or  porous  septum  is  not  essential  to 
such  a  process  of  filtration  and  admixture  as  above  described.  Two  liquids 
of  different  densities  placed  in  contact  will  gradually  mix  by  the  attrac- 
tive force  that  the  one  exerts  on  the  other.  This  liquid  diffusion  depends 
materially  in  amount  on  the  nature  of  the  liquids— HX)lloia  or  crystalloid, 
as  the  case  may  be. 

Selecting  power. — The  recognition  of  endosmose  as  the  cause  of 
the  absorption  of  liquids  by  the  young  roots  and  root-hairs  affords 
some  explanation  of  the  apparently  contradictory  phenomena  which 
have  been  described  by  those  who  have  experimented  with  a  view 
to  ascertain  whether  plants  have  any  selecting  power.  It  has  been 
shown  that  there  exist  some  very  complex  circumstances  of  purely 
physical  nature  in  endosmotic  processes,  and  that  simple  density  of 
liquids  is  by  no  means  the  only  important  point — alkaline,  acicL,  or 
neutral  conditions  of  mineral  salts  causing  special  peculiarities, 
dependent  on  chemical  and  molecular  relations  to  the  membrane  or 
porous  interposed  substance,  and  in  other  cases  on  chemical  actions 
taking  place  on  one  or  the  other  side  of  the  membrane.  One  of 
the  most  interesting  and  suggestive  experiments  bearing  on  this 
subject  is  that  of  Knop,  who  shows  that  the  more  chlorine  absorbed 
by  a  plant  the  less  lime  is  taken  up. 

Some  writers  assert  that  the  roots  of  plants  absorb  all  substances  in- 
differently ;  and  the  experiments  of  Vogel  and  others  appear  to  bear  this 
out.  ButL  not  to  mention  that  the  ashes  of  different  plants  grown  in  the 
same  soil  have  diuerent  composition,  Trinchinetti  has  shown  that  different 
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salts  are  absorbed  in  different  proportions  from  mixed  solntions ;  and  in 
De  Saussure^s  experiments  living  roots  absorbed  differentij  from  diseased 
or  dead  ones.  Similar  inferences  may  be  drawn  from  the  effects  of 
manures:  thus  Cereals  are  snecially  benefited  by  nitrpgenous  manures, 
Leguminous  plants  by  mineral  manures ;  and  yet  the  ash-analysis  of  the 
former  shows  that  they  contain  a  less  percental  of  nitrogenous  matters 
than  do  the  LeguminossB.  Wheat  crops  and  grasses  generally,  accordin? 
to  the  experiments  of  Lawes  and  Gilbert,  supply  therauselv^  with  diifi^ 
cultr  with  nitrogen,  while  Clover  and  other  Leguminosse  take  it  up 
freely. 

Such  phenomena  as  these,  however,  may  be  explicable  on  purely  phT- 
sical  principles.  It  has  been  proved  that  different  chemical  salts  exhibit 
unlike  quantitative  phenomena  in  passiDg  through  dead  endoemotic  snb- 
stancee ;  and  thus  even  from  mixed  fluids  one  salt  might  pass  more  readik 
into  a  cell  than  another ;  and,  still  more,  the  iminediate  decomposition  of 
one  salt  alone,  inside  the  membrane,  while  the  other  was  not  affect«d« 
which  might  take  place  in  a  living  cell,  would  greatly  affect  the  endo^ 
mose,  since  the  cell-contents  would  soon  be  saturated  with  the  latter, 
while  the  other  would  not  accumulate.  According  to  Knop,  the  root« 
will  absorb  from  solutions  of  nutritive  salts  an  amount  proportionate  to 
the  degree  of  concentration  of  the  solution :  thus  the  stronger  the  solu- 
tion the  more  dilute  the  liquid  absorbed  by  the  root ;  on  the  other  hand, 
if  the  solution  be  less  concentrated,  the  root  will  take  up  a  relatively  laii^ 
quanti^  of  water  than  of  the  salt.  In  regard  to  De  Saussure's  experi- 
ments nvhich  are  borne  out  by  what  we  see  beneath  the  microscope  when 
we  apply  reagents,  such  as  iooine,  to  healthy  or  decaying  tissues),  there  is 
no  necessity  to  have  recourse  to  a  vital  agency  of  selection,  since  the 
chemical  activity  of  the  cell-contents,  quite  different  in  a  living  and  in  a 
dead  organism,  might  account  for  all  the  diversities,  even  if  the  difference 
could  not  be  explained  by  a  physical  difference  of  tension  in  the  livin:? 
cell-membrane  and  that  of  a  dead  organ,  in  which  a  process  of  decay  im- 
mediately commences  if  it  is  exposed  to  the  action  of  water. 

It  has  recently  been  shown  tnat  porous  vessels  placed  in  mixed  solu- 
tions select,  just  as  plants  do  under  similar  circumstances;  and  those 
solutions  which  pass  most  freely  through  the  walls  of  cells  are  those  which 
always  pass  most  freely  through  the  sides  of  the  porous  vessels.  Those 
cases*  in  which  the  same  amount  of  any  given  substance  is  capable  of  being 
absorbed  by  plants  which  have  nevertheless  different  chemical  composi- 
tion, may  also  be  explained  by  the  different  osmotic  powers  possessed  bj 
the  cells  of  different  plants.  Thus,  supposing  the  root-cells  of  a  Cereal 
plant  and  those  of  a  lieguminous  plant  to  take  up  the  same  amount  of 
silica  from  the  soil,  the  quantity  of  that  ingredient  would  speedily  be 
found  to  be  greater  in  the  Cereal  than  in  the  Leguminous  plant,  becfluj* 
the  cells  of  the  former  can  appropriate  silica,  and  by  osmosis  store  it  up 
in  the  epidermal  tissues,  while  the  cells  of  the  latter,  having  difierent 
osmotic  relations  to  silica,  soon  become  satiurated  and  can  take  up  co 
more.  On  the  same  princinle  we  see  cells  in  juxtaposition  contiuninir 
very  different  ingredients,  which  yet  do  n<»t  mix  because  the  conditioiii 
for  endosmosis  are  in  some  way  or  other  not  favourable. 

Influence  of  Evaporation. — Schlosiog  says  that  the  power  of  absorbinfr 
mineral  ingredients  from  the  soil  is  diminished  by  limiting  the  proce&> 
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of  eTapontioD,  as  when  plants  are  grown  nnder  a  bell-glass.  Hauwen- 
huif  aJso  states  that  absorption  exceeds  transpiration  in  amount  in  propor- 
tion as  the  presswre  is  greater,  and  where  the  latter  is  slight  evaporation 
is  in  excess. 

Boot-actioiL — It  has  been  shown  that  absorption  of  fluids  takes 
place  near  the  extremities  of  the  finest  rootlets  above  the  inert  root- 
cap,  and  by  means  of  the  root-hairs.  But  the  water  in  the  soil  is 
often  nearly  pure  water,  or,  at  least,  contains  little  admixture  of 
mineral  matter,  though  more  or  less  impregnated  with  gases. 
Again,  many  of  the  ingredients  of  the  soil,  such  as  silica  for  in- 
stance, are  insoluble  in  pure  water.  How  then  do  these  substances 
gain  access,  as  we  know  they  do,  to  the  interior  of  the  plant?  They 
must  be  derived  from  without  and  in  a  liquid  form.  The  explana- 
tion now  given  is,  that  the  minute  rootlets  and  root-hairs  insmuate 
themselves  between  the  particles  of  soil,  absorb  the  water  there 
situated  with  its  minute  proportion  of  dissolved  mineral  matter. 
Farther,  these  root-hairs  come  into  close  contact  with  the  minute 
particles  of  soil,  and,  by  virtue  of  some  processes  of  excretion  not 
yet  tfaoroaghly  examined,  they  excrete  a  substance,  gaseous  or  liquid, 
vhich  effects  the  solution  of  the  mineral  substance  in  the  particle 
of  soil.  An  exhalation  of  carbonic  dioxide  from  the  roots,  con- 
joined with  the  water  in  the  soil,  would  effect  the  solution  of  lime, 
for  instance.  In  this  way  the  furrows  and  impressions  on  the  sur- 
face of  marble  made  by  roots  is  explained.  The  opinion  that  root 
excretions  exist,  at  one  time  denied,  may  thus  be  correct ;  but  as 
they  appear  to  be  only  excreted  when  required,  and  are  used  up  iu 
the  process  of  solution,  their  presence  in  the  soil  is  not  manifested 
any  more  than  that  of  the  gastric  juice  in  an  empty  stomach. 

Absorption  by  Leaves. — The  leaves  and  other  green  parts  of  the 
his/her  plants  do  not  appear,  as  a  rule,  to  absorb  liquids  all  the 
time  the  roots  are  in  action,  but  if  root-absorption  be  insufHcient 
then  absorption  by  the  leaves  takes  place.  The  good  effect  of 
syringing  plants  in  hothouses  seems  rather  to  depend  on  the  check 
given  to  undue  evaporation  than  to  absorption,  the  structure  of  the 
epidermis  being  generally  unfavourable  for  that  process.  Whether 
leaves  absorb  even  watery  vapour  to  any  great  extent  is  question- 
able ;  but  it  is  certain  that  they  absorb  gases,  including  ammonia, 
though,  under  ordinary  circumstances,  only  in  very  small  quantities 
(Mayer),  and  that  a  very  large  proportion  of  the  carbon  which  is 
consamed  by  green  plants  is  taken  into  the  system,  in  the  form  of 
carbonic  dioxide  gas,  by  the  leaves  and  green  shoots. 

The  entrance  of  gases  into  the  cells  is  attributable,  through  their 
solubility  in  water,  to  endosmotic  action ;  while  the  laws  of  diffusion 
of  gases  provide  for  their  entrance  into  the  intercellular  passages, 
which  biings  them  into  contact  with  the  deeper-seated  cells. 
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Sect.  5.  DiFFUSiof^  of  Fluids  dt  Fiahts. 

DifPtuion  in  Aquatic  and  Cellular  Plants. — In  aquatic  plants 
the  entire  surface  is  employed  in  absorption;  and  the  iiberation 
of  gases  in  the  respiratory  or  other  processes  being  accompanied 
by  condensation  of  the  cell-cont-ents,  eiidosmotic  action  is  kept  up 
constantly  during  active  vegetation. 

In  the  Cellular  phints,  such  as  Lichens,  Fungi,  and  even  in 
Mosses  and  Hepaticse,  the  diffusion  of  the  fluids  \^ould  appear  to 
be  a  result  of  simple  eudosmotic  action  continued  from  ceU  to  cell 
in  more  or  less  complex  series ;  and  in  plants  growing  in  air, 
evaporation  of  gases  increases  the  density  of  the  contents  of  the 
last  or  uppermost  cells  of  the  chain. 

Difn[i8ion  in  Vascular  Plants. — In  plants  with  well-developed 
stems  and  roots,  the  liquid  nutriment  is  absorbed  by  the  latter, 
and  the  movements  which  the  absorbed  fluids  have  to  make  are 
much  more  complex,  not  only  from  the  greater  variety  of  forms  of 
tissue  through  which  they  have  to  pass,  but  from  the  multiplied 
details  of  the  interchanges  with  elaborated  matters  arising  from 
the  scattered  distribution  of  the  leaves  over  the  axis. 

Ascent  of  the  Sap. — As  so  large  a  quantity  of  water  is  absorbed 
by  the  roots  from  below,  it  is  clear  that  the  diffusion  of  that  fluid 
(or  9ap^  as  it  is  now  called)  must  in  the  first  instance  be  in  an 
npward  direction ;  hence  the  phrase  ascent  of  the  sap.  The  main 
current  of  the  watery  sap,  is  upwards  from  the  root,  through  the 
stem  and  branches,  to  the  leaves,  wherein,  owing  to  the  changes 
it  there  undergoes  and  which  will  be  hereafter  alluded  to,  its  cha- 
racter becomes  altered  and  the  direction  of  its  current  is  varied 
according  to  the  requirements  of  different  parts  of  the  plant,  &c. 

The  term  sap  is  retained  for  convenience'  sake ;  but  it  must  he  remem- 
bered  that  there  is  no  homoffeneous  fluid,  either  ascending  or  dewending^ 
crude  or  elaborated,  of  similar  constitution  in  all  parts  of  the  plant,  cot^ 
responding  to  the  blood  of  animals.    The  sap  varies  in  constitution  in 
different  parts  of  the  same  plant  at  the  same  time.    In  like  manner  there 
is  no  continuous  system  of  tubes  in  which  sap  could  *'  circulate.*'    In 
spring"^  when  vegetation  is  most  active,  or,  at  other  times,  when  special 
circumstances  favour  ^rrowth  in  particular  places,  a  current  of  wateiy  asp, 
containing  relatively  little  of  the  matters  fonued  in  consequence  of  leaf- 
action,  is  specially  manifest ;  and  as  the  ends  of  the  shoots  and  buds  arent 
this  period  centres  of  activity,  so  the  flow  is  mainly  an  upwaid  one.    In 
autumn,  when  consolidation  of  tissues  and  storage  of  nutritive  matters  are 
the  chief  operations  of  the  plant,  there  is  an  increased  necesaty  for  the 
presence  ot  matters  formed  m  consequence  of  leaf-action,  and  the  flow  is 
to  a  large  extent  a  downward  one.    But  there  is  no  absolute  difierence 
between  crude  and  elaborated  saps,  and  no  absolutely  fixed  courw  for 
them  to  take.    The  ascending  sap,  so  called,  which  is  so  manifest  in 
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smn^,  consists  principally  of  water  pumped  up  from  the  roots  to  supply 
tne  requiifsments  of  the  growing  cells,  aud  the  excess  of  it  is  evaporated 
when  the  leaves  expand ;  but  though  mainly  watery,  it  contains  some 
mineral  matters,  and  also  some  ingiedients  which  must  be  derived  from 
tae  action  of  the  leaves  of  the  preceding  season. 

The  upward  direction  of  the  watery  sap,  therefore,  and  still  more  the 
downward  current  of  the  eUtborated  sap,  must  be  understood  in  a  general 
eense  as  indicating  the  prevailing  direction  of  the  currents.  A  more 
strictly  correct  expression  would  be  to  say  that  the  sap,  including  all  the 
liquid  nutritive  juices  of  the  plant,  moves  in  the  direction  in  which  cir- 
cumstances are  most  &vouraDle  to  its  How,  and  to  those  spots  where  the 
slip  is  most  needed  for  the  nutritive  processes  of  the  plant,  or  for  purposes 
of  fttorage^  as  will  be  more  fully  explained  in  succeedmg  paragraphs. 

Causes  of  Ascent. — The  causes  producing  the  ascent  of  the  sap 
are  manifold.  They  vary  not  only  in  their  nature,  but,  at  different 
times,  in  different  jpart»  of  the  same  plant  and  under  varying  cir- 
cumstances. They  act  also  separately  or  in  conjunction.  We  will 
tirst  of  all  allude  to  the  inducing  causes  separately,  and  then  indi- 
cate how,  when,  and  where  they  act.  Endosmotic  action  consequent 
on  the  absorption  of  fluids  by  the  root  is  on  all  hands  admitted  to 
play  the  principal  share  in  the  diffusion  of  fluids  throughout  the 
plant.  Capillary  action  and  Imbibition  facilitate  the  upward  pas- 
sage in  or  between  the  fibro-vascular  tissues.  Pressure,  whether 
exerted  by  the  tension  of  the  cell-walls  upon  their  contents,  and 
it:ielf  consequent  on  endosmosis,  or  as  the  result  of  increased  tem- 
perature, which  expands  the  air  in  the  stem,  forces  the  fluids  to 
move  in  the  direction  of  least  resistance.  The  oscillations  produced 
by  the  swaying  of  the  branches,  petioles,  <&c.  by  the  wind  also 
occasion  intermittent  pressure,  to  which  Mr.  Herbert  Spencer 
attributes  an  upward  thrust  of  the  sap  towards  the  point  of  least 
obstruction. 

The  profuse  evaporation  or  transpiration  of  watery  vapour  from 
the  leaves  is  a  powerful  agent  in  producing  an  upward  flow  of  fluid 
to  replace  that  which  is  lost  in  the  manner  indicated.  The  extra- 
vasation or  exudation  of  sap  consequent  on  the  mechanical  strains 
effected  by  the  wind  also  give  rise  to  a  current  of  sap  from  below. 
Chemical  actions,  such  as  the  transformation  uf  starch  into  sugar 
^.,  necessitate  a  supply  of  water  and  create  osmotic  currents  of 
that  fluid. 

Foro«  of  npward  eorrent. — The  roots  take  an  important  share  in  pro- 
moting the  upward  flow  of  the  spring  sap.  If,  in  spring,  we  notice  the 
surface  of  stumps  of  timber- trees  wnich  have  been  sawn  off  in  the  pre- 
ceding autumn,  we  find  the  cut  surfaces  wet  with  abundant  exudation 
from  the  outer  layers  of  the  wood ;  and  experiments  made  upon  the  cut 
ends  of  branches,  by  Hales  and  others,  show  that  the  sap  rises  in  them 
with  very  consideitthle  force— in  the  case  of  the  Vine,  supporting  a  column 
of  mercury  26  inches  in  height.    Clarke's  more  recent  researches  indicate 
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a  Rtill  greater  force,  as,  in  one  case,  in  a  Vine  he  found  the  force  of  aeoeiit 
sufficient  to  balance  a  column  of  water  48-^  feet  in  height.  The  quantity 
obtained  from  a  Birch  tree  75  feet  high,  from  November  to  May,  was 
1486  lb.,  in  one  day  63  lb.  being  collected.  The  force  and  amount  are 
subject  to  diurnal  variations.  It  is  evident  that  the  spring  current,  at 
leaat,  is  partly  owing  to  absorption  by  the  roots,  in  the  cdla  of  which 
decomposition  and  solution  of  starch  are  effected,  and  which  must  in  con- 
sequence absorb  water  greedily  *,  the  engorgement  of  the  tdssuee  may  cause 
the  liquids  to  be  forced  into  sjid  upwards  along  the  course  of  the  Veaseb 
and  ducts. 

In  woody  stems  osmose  also  comes  into  play  in  conjunction  witii  capil- 
lary action  and  pressure  dependent  on  the  various  causes  before  named. 
Pressure  resulting  from  increased  temperature  is  illustrated  by  the  dr- 
cumstance  that  the  flow  of  sap  in  the  trunks  of  trees  is  greatest  during  the 
daytime;  when  the  trunk  absorbs  the  sun's  heat  by  its  rough  surfiice,  and 
least  at  night,  when  the  tree  is  cooled  by  radiation.  In  the  leaves  the 
transpiration  and  the  movements  efiected  by  the  wind  afford  the  main 
causes  for  the  rush  of  sap.  In  the  expanding  leaf-buds,  and  in  all  por- 
tions of  the  plant  where  vegetation  is  going  on  actively  and  where  in  con- 
sequence large  quantities  of  nutriment  are  required,  the  chemical  trans- 
formation of  the  cell-contents,  which  renders  them  available  for  nutri- 
tive purposes,  necessitates  a  lai^  quantity  of  water ;  and  in  consequence 
an  endosmotic  current  is  produced.  This  chemical  action  does  not  neces- 
sarily occur  at  the  very  point  where  growth  is  most  active;  seneraUy,  in- 
deed, elsewhere,  in  wliat  may  be  termed  the  store-cells,  so  mat  a  current 
is  determined  finom  the  store-cells  to  the  growing  points. 

The  transfers  just  alluded  to  may  be  compared  to  a  row  of  firemen 
handing  on  pails  of  water,  in  the  absence  of  a  hose  or  continuoua  pipe, 
such  as  is  represented  by  the  blood-vessels  of  an  animal. 

The  spring  ascent  of  sap  in  Dicotyledons  is  partly  to  be  accounted  for 
by  the  solution  of  starch,  or  the  decomposition  of  fixed  oil  &c.,  in  the  budU 
and  cambium-region,  as  above  mentioned  (just  bs  occurs  in  the  root  or  in 
a  seed  beginning  to  germinate).  But,  as  has  been  observed  by  Yon  Mohl 
the  inspissated  juices  thus  formed  do  not  lie  in  the  sap-wood  wherein  the 
ascendiug  current  flows,  but  in  the  cambium-layers,  where  the  elaborated 
sap  descends ;  and  it  is  not  clear  why  the  ascending  fluid,  if  moved  bj 
endosmose  alone,  does  not  pass  out  laterally  into  the  cambium  as  soon  sis 
it  i*eaches  the  stem.  That  the  buds,  however,  do  exert  this  attractive 
force  is  seen  by  the  influence  of  the  heat  of  a  greenhouse  in  causing  the 
flow  of  sap  in  a  Vine  which  is  planted  with  its  roots  outside  the  home, 
and  its  stem  brought  inside  and  trained  there. 

Transpiratioii. — In  the  leaves  (and  green  portions  of  plants 
generally)  the  very  important  phenomena  of  evaporation  or  trans- 
piration of  watery  vapours  occurs,  and  constitutes  probably  the 
most  important  agent  of  all  in  causing  the  supply  and  diffusion  of 
food  in  plants.  It  has  been  stated  above  that  plants  absorb  their 
liquid  food  by  their  roots ;  therefore,  under  equal  external  condi- 
tions, a  plant  should  receive  the  nutnent  matters  derived  from  its 
liquid  food  in  the  ratio  of  the  quantity  of  water  passing  through 
its  tissues  and  evaporated  from  its  leaves  &c.,  sinoe  the  water 


DIFFUSION  OF  FLtriBS.  569 

passes  off  almost  as  pure  vapour,  and,  at  all  events,  leaves  its 
mineral  consstituents  behind.  The  amount  of  evaporation  is  re- 
markably great,  and  accounts  in  some  degree  for  the  sustenance  of 
plants  bj  such  extremely  dilute  solutions  of  their  nutrient  matters 
as  thej  tind  in  the  soil. 

Amount  of  Tttmsplration. — ^The  experiments  of  Lawes  and  Gilbert 
pve  the  following  average  daily  loss  of  water  in  grains  in  the  months 
indicated,  in  pots  of  unmanured  soil,  the  first  line  from  Wheat,  the 
lecoDd  from  Ftas : — 

ICueh  19fth  March  28kh  April  98th      Mftj  25fh       Jnne  28th        July  28th      An^.  11th 

to  to  to  to  to  to-  to 

Uarck  28th.  April  28th.  May  25th.      Jane  28th.      Jaly  28th.       Au|{.  lltfa.      Sept  7th. 

14-3         40-9        162-4        1177-4        1535-3        1101-4        230-9 
11-2        42-9        106-4        1079-8        2092-7  877-2  — 

The  total  amount  of  water  given  off  during  the  whole  period  of  172 
days  (March  19  to  Sept.  7)  was,  by  the  Wheat,  113,627  grains,  by  the 
Pea$,  109,062  grains.  The  total  quantity  of  mineral  ash  from  each  of  the 
samples  was,  Wheat,  36*49  grains,  and  Peas^  43*16  grains,  which  shows 
that  the  Wheat  took  up  32-14  grains  and  the  Peas  39*57  grains  of  mineral 
matter  in  every  100,000  grains  of  water  which  evaporated  from  it. 

Other  elaborate  experiments  of  the  same  observers,  recorded  in  the 
Journal  of  the  Horticultural  Society  for  1851,  show  that  evergreen  trees 
transpire  lees  than  deciduous  trees,  and  that  great  differences  are  manifested 
in  different  plants  according  to  temperature.  The  maximum  of  evapora- 
tion doea  not  always  coincide  with  the  maximum  temperature.  It  was 
ftlso  found  that  plants  cultivated  without  manure  frequentlv  evaporated 
more  than  those  to  which  manure  was  applied;  and,  mrther,  that 
aoder  a  puielv  mineral  manure  more  water  was  transpired  than  when  a 
mixed  mineral  and  ammoniacal  manure  was  used,  so  tnat  the  more  abun- 
dant the  food  the  less  water  transpired.  Deh^rain  shows  that,  as  a  rule, 
the  amount  transpired  is  greater  from  the  younger  than  the  older  leaves. 
Haberlandt,  in  his  experiments  on  this  subject,  shows  that  young  grow- 
ing Cereals  before  the  period  of  flowering  transpire  most,  and  least  of  all 
after  that  process,  the  relative  propHortion  of  root  or  absorbing  organs  as 
compAJred  to  transpiring  organs  being  then  greatest.  The  four  plants 
examined  by  M.  Haberlandt  evaporated  in  24  hours  per  100  square  cent!- 
metrea  during  the  whole  period  of  vegetation  (90  days)  as  follows : — 
Barley  3794,  Wheat  3532,  Rye  2849,  Oats  2666  gnunmes.  But  con- 
flidered  in  rdation  to  the  surface  of  the  plants,  the  Oat  evaporated  2277, 
the  Barley  1236,  the  Wheat  1179,  and  the  Rye  834  grammes  per  plant 
during  the  same  period.  Supposing  a  million  plants  on  a  hectue  (a 
hectares 2^  acres  about),  the  loss  of  water,  accoraing  to  the  above  cidcu- 
lations,  over  that  amount  of  surface  would  be : — ^Kye  83,490,  Wheat 
1,179,920,  Barley  1,236,710,  and  Oats  2,277,760  kilogrammes,  which 
corresponds  to  a  rainfall  respectively  of  83-5  nulHmetres,  118  millims., 
123-7  millima.,  and  227*8  millims.  In  all  cases  great  variations,  both  as 
to  abaorptioii  and  transpiration,  occur  in  different  individuals  of  the  same 
spedea. 
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CiroimutanoM  reg^olating  Transplratloii. — ^The  amoant  of  transpintion 
depends  on  the  amount  absorbed,  the  quantity  of  water  in  the  tissues,  the 
age  of  the  plant,  the  amount  of  surface  exposed  (  Aga  Gray  calculated  that 
a  moderate  sized  Elm -tree  bore  seven  millions  of  lAves,  the  total  aorfaoe 
being  equal  to  6  acres),  the  nature  of  the  epidermis,  the  texture  of  the  leaf. 
&c. :  thus  it  is  usually  greatest  from  the  lower  surfiLces  of  leaves,  which  are 
provided  with  the  greatest  number  of  stomata.  Extenud  cond^iions,  such 
as  the  degree  of  moistiure  in  or  the  temperature  of  the  air,  exert  great 
influence  on  transpiration ;  the  drier  and  hotter  the  atmosphere,  the  greater 
the  transpiration ;  but,  according  to  McNab,  plants  exposed  to  the  sun 
transpire  most  in  a  moist  atmosphere,  while  in  the  shade  transpiration 
ceases  when  the  atmosphere  is  loaded  with  watery  vapour.  Light  also 
has  great  effect  on  the  quantity  evaporated.  Mc^ab's  experiments, 
however,  show  that  the  rate  of  ascent  of  the  watery  sap  is  not  checked 
by  placing  the  branch  in  darkness  for  a  short  time.  M.  Wiesner  shows 
that  part  of  the  light  which  traverses  the  chlorophyll  is  transformed 
into  heat,  as  a  consequence  of  which  there  results  a  rise  of  tem- 
perature, and  an  increased  tension  in  the  watery  vapour  in  the  inter- 
cellular passages  occurs.  The  excels  of  vapour  escapes  by  means  of  the 
stomata.  A  plant  may,  as  shown  by  McNab  and  Deh^ram,  transpire  in 
a  saturated  atmosphere,  but  only  under  the  influence  of  light. 

M.  Wie»ner  has  8tudied  transpiration  in  three  difierent  ways: — 1* 
by  comparing  that  of  green  plants  with  that  of  blanched  ones ;  2, 
by  exposing  the  plants  in  the  solar  spectnmi ;  and  3,  by  placing  them 
behina  solutions  of  chlorophyll.  Bv  these  different  ways,  he  has  arrived 
at  the  same  results,  viz.: — that  the  presence  of  chlorophyll  markedly 
increases  the  action  of  the  light  on  transpiration;  that  it  is  the  rajs 
which  correspond  to  the  absorption-band  of  the  chlorophyllian  spec- 
trum, and  not  the  most  luminous  rays,  which  excite  transpiration ;  and 
lastly,  that  the  rays  which  have  traversed  a  solution  of  chlorophyll  have 
only  a  slight  influence  on  transpiration.  Other  colouring-matters,  as  xan- 
thophyll^or  instance,  may  act  in  the  same  way  as  chlorophyll,  but  to  a  less 
extent.  The  opening  of  the  stomata  may  accelerate  the  transpiration ;  bat 
the  very  marked  transpiration  of  young  Maize  plants,  the  stomata  of  which 
were  closed,  and  the  slight  transpiration  of  a  Uartwegia  cofnoM,  the 
stomata  of  which  were  widely  open  in  obscurity,  suffice  to  show  that  this 
cannot  be  the  principal  cause  of  the  transpiration  in  the  light.  In  a  very 
positive  manner,  but  in  a  less  degree  than  in  the  case  of  the  luminous  ravs^ 
the  obscure  calorific  rays  act.  As  to  the  chemical  rays  beyond  the  violet 
their  action  is  null  or  very  slight.  Whatever  may  be  the  nature  of  the 
rays,  they  always  act  in  raising  the  temperature  of  the  tissues. 

In  spnng,  before  the  expansion  of  tne  buds,  absorption  is  neoeasaiily 
greater  than  transpiration ;  the  water  in  such  a  case  is  stored  in  the  stem, 
wheie  it  is  made  available  for  the  expanding  buds  and  growing  tissues 
generally.  In  summer  the  transpiration  is  greater  than  tne  absorpti<ai ; 
and  then  the  leaves  depend  for  their  supply  on  the  stores  in  the  stem, 
or,  failing  that,  they  wither.  Even  in  winter,  provided  the  stem  be  not 
absolutely  frozen,  there  is  a  motion  of  the  juices,  dependent  to  a  pest 
extent  on  the  temperature  of  the  soil,  which  is  always  in  that  season  higher 
than  that  of  the  air^  and  it  increases  in  amount  m>m  the  suzface  down- 
wards. 
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The  relation  of  the  compotitum  of  iheihUds  of  the  plant  to  the  amount 
of  transpiration  has  lately  been  studied  by  M.  Burgenstein^  by  Rowing 
plants  in  saline  solutions,  taking  care  to  prevent  all  eyaporation  except  from 
tiie  leaves  of  the  plant,  and  then  weighing  the  apparatus  and  plants  daily 
80  as  to  estimate  the  loss.  Acids  were  found  to  increase  the  evaporation, 
alkalies  to  diminish  it,  other  things  being  equal.  Saline  solutions  act  Tari- 
(lusly,  accordisg  to  the  nature  of  the  salt  and  the  concentration  of  the  solu- 
tion,tianspiration  attaining  a  maximum  at  a  certain  degree  of  concentration 
and  diminishing  after  that.  In  a  mixed  saline  solution,  or  complete  nutri- 
tive fluid,  however  diluted,  the  quantity  of  water  transpired  is  invariably 
less  than  when  the  plants  are  grown  in  distilled  water. 

Tissues  through  which  the  Sap  flows. — As  regards  the  special 
tissaes  through  which  the  sap  flows,  the  experiments  of  Hoffmann 
and  others  indicate  that  a  very  uniform  diffusion  of  fluids  takes 
place  in  the  Cellular  plants  and  in  the  Mosses.  But  the  last- 
named  physiologist  found  that  in  the  plants  possessed  of  fibro- 
vascular  bundles,  the  fluids  passed  up  m  the  first  instance  from 
the  roots  chiefly  in  the  prosenchymatous  celUdar  constituents  or 
soft  bast-cells  of  the  bundles.  These  experiments  were  made  by 
causing  the  plants  to  absorb  potassic  ferrocyanide ;  and  then,  by 
treating  sections  of  them  with  a  per-salt  of  iron,  the  course  of  the 
sap  was  shown  by  the  local  appearance  of  Prussian  blue. 

(Jnger's  experiments,  in  which  he  caused  plants  to  absord  the  red  ^  nice 
of  the  berries  of  Phytolacca^  g^ve  the  same  results.  As  a  rule,  it  was  found 
by  both  observers  that  the  fluids  did  not  pass  by  the  spiral  vessels  them- 
selves, unless  the  continuity  of  the  absorbinff  surface  of  the  roots  had  been 
destroyed.  Herbert  Spencer's  experiments,  however,  show  that  the  passage 
through  the  vessels  is  much  more  rapid  than  through  the  cellular  tissue. 
AVhere  cut  branches  are  caused  to  absorb,  the  fluids  rise  in  the  open  vessels 
and  ducts  by  simple  capillarity.  In  McNab's  experiments  the  ascending 
current  was  ioimd  to  pass  only  through  the  woody  portion  of  the  fibro-vas- 
cular  bundles  and  not  through  the  liber. 

The  spiral  and  other  vessels  do  not  always  participate  in  the  diflusion  of 
the  juices;  but  in  the  commencement  of  the  gro^vmg-season  (with  us,  in 
spring),  the  whole  tissue  becoming  gorged  with  fluid,  the  vessels  are  com- 
monly found  full  of  sap.  In  the  regular  steady  course  of  vegetation  the 
spiral  vessels  are  usually  found  fiUed  with  air. 

The  mterceUular  passages  are  also  filled  with  air,  except  under  peculiar 
circumstances,  and  therefore  take  no  part  in  the  distribution  of  the  sap. 

The  experiments  which  have  been  made  to  ascertain  the  course  of  the 
fluids  absorbed  by  the  roots^  tend  to  show  that  the  sap  passes  upward  in 
the  elongated  cells  associated  with  vessels  in  the  fibro-vascular  bundles, 
towards  and  into  the  leaves  and  other  organs.  The  distribution  of  the 
fluids  must  therefore  be  very  diflerent  in  stems  diflerently  organized  as 
regards  the  arrangement  of  these  bimdles.  In  Monocotyledons  we  find  a 
eeries  of  isolated  streams ;  in  Dicotyledons  the  fluids  ascend  in  a  much 
ireer  and  wider  course,  in  the  more  abundant  wood  of  the  regularly  ar- 
nmged  circle  of  bundles.  A  further  diversity  arises  from  the  changes  which 
take  place  in  stems  with  age :  in  Dicotyledons  the  inner  layers  of  wood 
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generally  become  converted  in  the  course  of  time  into  heart-itood,  the 
solidity  of  which  obstructs  the  passage  of  fluids,  which  then  ascend  ^eflr 
in  the  outer,  younger  layers  of  wood,  which  constitute  the  allmmum  or  sap- 
wood. 

This  is  illustrated  by  the  Tegetation  of  hollow  Dicotyledonoas  trees,  in 
which  a  sufficient  layer  of  ^oung  wood  remains  within  the  bark  to  canr 
up  the  absorbed  fluids.  It  is  found  that  the  careful  removal  of  the  heart- 
wood  of  trees  does  not  prevent  the  supply  of  liquid  to  the  branches  firom  the 
roots ;  but  if  the  layers  of  sap-wood  are  removed|  the  upper  parts  of  the  tree 
die  from  deaiccationy  even  when  the  bark  is  left  uninjured  except  to  such 
an  extent  as  is  sufficient  to  allow  of  removing  the  wood  beneath.  The 
removal  of  a  ring  of  bark  does  not  prevent  the  ascent  of  fluid^  but,  as  will 
be  noticed  presently,  arrests  the  downward  distribution. 

A  certain  amount  of  lateral  diffusion  takes  place  from  the  as- 
cending current,  supplying  the  surrounding  tissues  with  water, 
and,  perhaps,  nitrogenous  materials  ;  but  this  point  is  not  dear. 

Crude  Sap. — The  fluid  which  is  found  in  the  sap-wood  of  Dico- 
tyledons is  of  a  watery  character,  containing  dextrine  and  sugar,  but 
not  starch,  chlorophyll,  or  any  colouring-matter.  It  may  contain 
matters  dissolved  out  in  its  course  through  the  tissues,  and  thus  haie 
a  nutritive  character  from  the  admixture  of  matters  stored  up  in  the 
previous  season  in  the  wood-cells,  &c.  It  contains  also  mineral  salts 
absorbed  by  the  roots,  in  an  undecomposed  condition,  at  consi- 
derable heights  in  the  stem.  This  fluid  is  called  cnid^  sap.  and 
occurs  in  especial  abundance  at  the  time  (spring)  when  the  renewed 
chemical  activity  in  the  developing  cellular  tissues  causes  an  in- 
creased absorption  of  fluids. 

This  crude  sap  flows  out  freely  from  incisions  into  the  sap-wood  of 
Dicotyledonous  trees  in  spring,  and  sometimes  spontaneou<fly  bursts  forth 
in  a  kind  of  overflow,  as  in  what  gardeners  call  '*  bleeding  **  of  Vines, 
Birches,  &c. 

The  crude  sap  becomes  more  and  more  condensed  as  it  ascends  in  the 
stem  and  other  organs.  In  the  leaves  and  other  green  parts  it  undergoes 
a  most  important  transformation,  loses  by  transpiration  much  of  its  water, 
and  receives  a  new  element  in  its  composition,  of  the  highest  importance 
to  it  as  material  for  development,  namely  carbon,  derived  from  the  car- 
bonic dioxide  absorbed  by  the  leaves  and  decomposed  there  in  sunlight, 
with  the  liberation  of  oxygen. 

Descending  Sap. — ^The  nature  of  the  progress  of  the  sap 
from  the  leaves  into  the  cambiunv-regifm  of  the  stem  and  other 
parts  is  at  present  obscure.  Some  authors,  indeed,  totally  deny 
that  the  elaborated  sap  descends  at  all;  but  this  is  in  contra' 
diction  to  all  experience  and  observation.  All  experiments  which 
have  been  made  favour  the  opinion  that  there  is  a  descent  of  sap 
elaborated  in  the  leaves,  in  Dicotyledons  at  least,  in  that  part  oi 
the  fibro-vascular  bundles  coinciding  with  the  cambium-ring  of  the 
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item — that  is*  in  the  cambium-layer  of  the  wood  and  in  the  in- 
ternal tissue  of  the  bark.  This  supplies  the  material  for  the  de- 
velopment of  new  wood  in  the  fibro- vascular  layers  ;  and  this  elabo- 
rated sap  evidently  passes  not  only  downward  through  the  latticed 
vessels,  sieve  tubes,  vasa  propria,  and  conducting  cells,  but  inward, 
hy  lateral  transmission  (since  we  find  in  autumn  starch-granules 
laid  up  in  the  medullary  rays  between  the  wedges  of  developed 
wood),  and  also  upwards  when  growth  is  going  on,  or  where  reserve 
material  has  to  be  accumulated. 

The  sap  therefore  is  transferred  from  place  to  place  in  varying 
directions  in  Dicotyledons,  not  in  a  proper  system  of  vessels,  but 
by  a  series  of  disturbances  and  restorations  of  equilibrium  in  a  mass 
of  permeable  tissues.  The  changes  are  dependent  upon  local  phy- 
sical, chemical,  and  developmental  actions. 

The  evidence  of  a  descent  of  elaborated  sap  is  overwhelming.  The 
simplest  proof,  that  of  removing  a  rin^  of  bark,  which  causes  the  arrest 
>(  development  of  wood  below  the  nng,  is  borne  out  by  all  variations 
of  it  Hanging  fruit-trees  in  this  way  causes  a  swelling  of  the  tissues 
ind  a  temporary  increase  of  product  of  fruit  above  or  on  the  distal 
side  of  the  wound,  froni  the  accumulation  of  the  elaborated  matter. 
The  formation  of  tubers  in  the  Potato  and  similar  plants  is  prevented 
br  interrupting  the  continuity  of  the  cortical  layers ;  and  when  bark 
i^  removed  in  patches,  and  the  surface  becomes  gradually  grown  over 
by  new  wood,  the  greater  part  of  the  new  growth  comes  from  the 
upper  side.  Still  a  descending;  current  is  not  the  only  direction  in  which 
nutritive  fluids  flow ;  for,  as  has  been  already  stated,  the  flow  may  be  in 
any  direction,  and  new  wood  may  be  formed  in  place  without  immediate 
connexion  with  any  descendinor  current. 

It  is  Mulder*s  view  that  all  the  nitrogenous  constituents  of  plants  are 
not  only  absorbed  by  the  roots,  but  assimilated  there  at  once,  and  that 
carbon  is  fixed  in  the  green  organs — then,  that  a  continual  interchange 
iroes  on  from  above  and  below,  the  roots  supplying  protoplasmic  matters 
which  originate  all  organic  phenomena,  while  the  leaves  send  down  the 
ternary  compounds  (C  H  O)  which  afford  the  material  for  cell-membrane, 
ttarcb,  &c.  This  author  attributes  the  distribution  to  simple  endosroose ; 
but  this  does  not  account  for  the  passag'e  of  crude  sap  through  the  albur- 
nam,  and  of  elaborated  nutriment  through  the  inner  bark.  Other  authors 
consider  that  organic  substances  (carbo-hydrates,  albuminoids,  &c.)  are 
formed  in  the  leaves ;  in  such  a  case  a  descent  of  the  sap  must  of  neces- 
sity occur.  The  transfer  from  one  leaf  to  another  of  sucn  substances  as 
glucose,  albumen,  phosphates,  &c.  may  be  accounted  for  by  evaporation. 

Sachs  states  that  the  elaborated  sap  in  the  cellular  tissue  is  different  from 
that  in  the  vascular ;  "  the  parenchymatous  tissues  have,'*  says  he,  "  an 
Kid  sap,  containing  sugar,  starch,  oil,  vegetable  acids,"  &c.  The  vascular 
uid  proeenchymatous  tissues,  including  the  "  vasa  propria  ^  and  clathrate 
cells  and  other  elements  of  the  soft  bast,  have  an  alkaline  sap.  The  sap 
passing  through  these  tissues  is  of  an  albuminous  or  nitrogenous  nature. 

Other  physiologists,  however,  doubt  whether  any  such  sharply  defined  dual 

utttie  of  the  elaborated  sap  exists,  though  admitting  the  huge  share 
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which  the  vasa  propria  fill  in  the  descent  of  the  elaborated  juices.  It  U 
clear;  however,  that  the  currents  of  the  sap  must  yary  according  to  the 
different  anatomical  disposition  of  the  tissues. 

Summary. — We  may  conclude  hj  repeatini^  that  the  nutrient 
fluids  in  plants  follow  certain  directions,  according  to  the  stmcture 
and  arrangement  of  the  tissues,  the  place  where  eTaporation  is  most 
active,  the  locality  of  the  sources  of  nutriment  and  of  growth  or 
other  action ;  and  that  as  regards  the  elaborated  fluid  the  movement 
may  be,  1,  from  the  place  of  formation  to  that  of  consumption,  or, 
2,  to  the  store-cells  or  reservoirs,  or,  3,  from  these  latter  to  the 
place  of  consumption.  The  ascending,  descending,  or  horizontal 
direction  of  the  currents  is  therefore  a  secondary  matter. 

To  illustrate  the  movement  and  transference  of  nutrient  mutters, 
allusion  may  here  he  made  to  the  researches  of  M.  A.  Oris  on  the  pro- 
duction and  utilization  of  starch,  &c.  This  observer  finds  that  in  winter- 
time the  medullary  rays,  wood,  and  pith  are  all  filled  with  starch-graiDS. 
These  diminish  in  spring,  but  are  afterwards  replaced  during  the  summer. 
He  concludes  from  tnis  that  there  are  two  special  movements  of  the  nutrient 
substances,  as  illustrated  by  their  formation  in  summer  and  their  absoip- 
tion  in  the  following  spring. 

Sect.  8.  Elabokatioit  of  thb  Food. 

Exhalation  of  Oxygen. — When  green  plants  are  placed  in  water 
containing  dissolved  carbonic  dioxide,  and  exposed  to  sunlight, 
they  give  off  oxygen  gas. 

This  may  be  readily  observed  in  VaBimteria  and  other  submerged  grpen 
plants  grown  in  glass  jars,  a  continuous  stream  of  bubbles  escaping  from 
the  plants  when  standing  in  the  sunshine.  The  frothy  masses  of  Coo- 
fervffi,  borne  up  to  the  surface  of  freshwater  pools  in  sunny  weather  bj 
the  entangled  bubbles  of  oxygen,  afford  another  common  instance. 

The  absorption  of  carbonic  dioxide,  and  the  elimination  of  oxygen  io  the 
case  of  aquatic  plants,  and  also  in  that  of  leathery  leaves  as  in  the  Chenr 
Laurel,  where  there  are  comparatively  few  stomatay  take  place  chiefly  or 
entirely  on  the  upper  surface. 

Where  no  carbonic  dioxide  exists,  as  in  boiled  or  distiUed  water,  no 
oxygen  is  liberated.  Leafy  shoots  remaining  attached  to  trees,  but  en- 
closed in  close  glass  globes,  increase  the  percentage  of  oxygen  in  the  glohes 
when  exposed  to  daylight ;  and  cut  shoots  with  the  lower  ends  placed  in 
water  containing  carbonic  dioxide  in  solution  give  off  more  oxygen  than 
when  the  lower  ends  are  dipped  in  water  devoid  of  that  gas. 

The  oxygen  exhaled  by  leaves  &c.  is  formed  at  the  moment  of  its 
liberation ;  for  Confervee,  which  have  no  air-passages,  and  other  plants 
which  have  had  their  air-passages  exhausted  oy  the  air-pump,  give  off 
oxygen  under  the  above  circumstances.  Fra^jments  of  leaves  perform  the 
same  function  so  long  as  their  oiganization  is  uninjured,  while  the  de- 
struction of  the  cells  by  pressure  &c.  stops  the  action.  The  epidermal 
cells  exhale  no  oxygen. 
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Effect  of  Taiioms  Rays  of  the  Speetmm. — ^The  unlike  influence  of  the 
different  rays  of  the  spectnun  is  very  remarkable.  According:  to  Daubeny 
and  Draper,  whose  observations  have  been  confirmed  by  numerous  ob- 
servers, sunlight  acts  in  proportion  to  its  illuminating  power  in  the  de- 
oxidating process,  which  appears  to  be  just  the  reverse  of  what  occurs  in 
the  reducing  action  of  light  upon  silver.  The  yellow  rays  are  almost  as 
powerful  as  white  light ;  while  the  more  refrangible  rays,  blue,  violet, 
&c.,  have  little  or  no  effect  on  the  emission  of  oxygen,  though  it  is  pro- 
bftble  they  may  exert  great  influence  on  the  chemical  transformations 
which  foUow  that  process,  and  have  a  directly  favourable  influence  on 
heliotropic  curvatures,  periodic  movements,  currents  of  protoplasm,  &c. 
(Pfeffer,  Baranetsky).  In  green  light  the  leaves  emit  carbonic  dioxide 
gv,  as  in  darkness.  DifTused  light  is  rich  in  the  more  refrangible  rays, 
and  hence  causes  a  scanty  emission  of  oxvgen.  Prillieux,  however,  asserts 
that  the  amount  of  oxygen  emitted  by  light  of  different  colours  is  in  di- 
rpct  proportion  to  their  illuminating-power,  and  that  the  effect  of  the  vel- 
low  and  red  rays  in  causing  the  disengagement  of  oxygen  is  due  to  tkeir 
hirninous  intensity.  A  corresponding  fact  has  been  noticed  with  regard 
to  the  evaporation  of  water,  so  that  the  two  phenomena  would  appear  to 
he  in  some  way  connected.  It  has  been  found  that  starch  is  formed  under 
white,  yellow,  or  blue  light,  but  in  different  j)roportions  and  with  different 
def^rees  of  rapidity,  its  formation  under  the  influence  of  blue  light  being 
much  slower  than  under  white  light. 

(liuuitity  of  Oxygen. — The  quantity  of  oxygen  given  off  bears  a 
definite  proportion  to  the  carbonic  dioxide  absorbed  by  a  plant ;  but 
excess  of  carbonic  dioxide  becomes  obnoxious  to  health. 

Biminatioii  of  Kitrogen,  ftc. — It  would  appear  that  nitrogen 
i«»  also  given  off  by  plants  exposed  to  sunlight.  Draper  observed 
considerable  quantities  exhaled ;  and  Cloez  and  Gratiolet  noticed 
more  than  was  attributable  to  air  accidentally  present  in  the  inter- 
cellular passages.  According  to  Corenwinder  the  proportion  of 
nitrogenous  matter  and  phosphates  gradually  decreases  from  the 
time  of  the  opening  of  the  leaves  till  their  fall. 

Boussingault  asserts  that  in  the  case  of  marsh  plants  a  small  proportion 
of  carbmic  oxide  is  exhaled  by  the  green  parts  of  plants,  but  probably  not 
under  normal  comditions. 

Elimiiiatioii  of  Carbonic  Dioxide. — When  the  influence  of  the 
8nn  is  withheld  from  green  plants  they  cease  to  give  off  oxygen ; 
carbonic  dioxide  is  now  not  absorbed  but  exhaled,  oxygen  being 
absorbed  from  the  surrounding  medium. 

Some  entire  plants  destitute  of  chlorophyll  (Fungi  and  parasites) 
and  certain  parts  of  most  others  (buds,  roots,  flowers,  germinating 
seeds,  Ac.)  absorb  oxygen  at  all  times  and  exhale  carbonic  dioxide, 
and  thus  become,  like  animals,  an  apparatus  for  the  combustion  of 
carbon  and  hydrogen. 

The  carbonic  dioxide  given  off  from  the  interior  of  stems,  roots, 
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&c.  by  day  is  probably  reabsorbed  and  decomposed  in  the  greea 
parts  before  it  arrives  at  the  surface  of  the  leaves. 

According  to  De  Saussure,  if  a  plant  is  kept  in  a  perfectly  dosed  jar 
containing  a  measured  quantity  oi  atmospheric  air,  for  several  days  and 
nights  fan  equal  number  of  each),  no  change  is  found  in  the  volume  or 
composition  of  the  air ;  the  plant  has  exhal^  oxygen  by  day  and  absorbed 
it  by  night,  and  exhaled  caroonic  dioxide  by  night  and  decomposed  it  br 
day,  in  equal  proportion.  But  if  this  plant  is  watered  with  solution  of 
carbonic  aioxidci  or  this  gas  be  added  to  the  air,  the  quantity  of  oxygen 
in  the  air  becomes  increased.  Under  ordinary  circumstances  tJie  leaves 
decompose  by  day  much  more  carbonic  dioxide  than  they  exhale  by  night 
The  disengagement  of  oxygen  has  been  observed  in  some  aquatic  ^Icuats 
to  go  on  in  me  dark  for  some  hours  after  exposure  to  the  sun.  The  son's 
light  is  thus  stored  away  in  the  plant  and  rendered  available  in  some  form 
or  other  when  wanted. 

If  plants  are  placed  under  such  circumstances  that  thev  cannot  decom- 
pose carbonic  dioxide  and  exhale  oxygen  (by  excluding  light  from  them, 
or  by  confining  them  in  vessels  deprived  of  carbonic  dioxide),  they  nerer 
acquire  proper  development;  no  green  colour  appears  (they  are  etiolated  i, 
little  or  no  woody  matter  is  formed  in  the  walla  of  the  cells,  and  the 
whole  energy  is  consumed  in  pushing  out  weak  watery  shoots ;  scarcely 
any  of  the  peculiar  resinous,  milky,  or  other  secretions  are  produced ;  aod 
plants  can  only  subsist  under  these  circumstances  when  supplied  with  or- 
ganic nutriment 

We  see  this  when  shoots  are  developed  from  Potato-tubers  in  the  dark, 
in  the  cultivation  of  Celery  and  other  blanched  plants,  &c.  But  in  some 
cases  it  would  seem  that  plants  not  only  have  the  power  of  acquiring 
carbon  by  their  surfaces,  but  that  they  have  also  the  power  of  growinja: 
in  an  atmosphere  deprived  of  carbonic  dioxide  provided  they  can  asrimi- 
late  the  carbon  from  the  carbonic  dioxide  circulating  in  their  own  tissues 
(Saussure,  Corenwinder). 

A  moderate  addition  of  carbonic  dioxide  to  the  food  of  a  plant,  with 
free  access  of  light  and  air,  is  mostlv  accompanied  bv  acceleration  of  the 
nutrient  processes  and  a  more  abundant  liberation  of  oxygen. 

Many  green  plants  will  flourish  in  sunlight  on  water  and  carbonic  di- 
oxide alone,  oaussure  found  that  the  organic  matter  of  plants  increased 
in  the  proportion  of  2  to  1  of  the  carbon  contained  m  the  carbonic 
dioxide ;  the  elements  of  water  being  combined  with  the  carbon. 

Effect  of  Kitrogen  and  of  a  want  of  Air. — ^When  planta  are  placed 
in  pure  nitrogen  gas,  or  in  vacuo ^  all  the  functions  of  vegetation 
are  arrested ;  not  only  do  the  chemical  actions  above  noticed  cease, 
but  irritability,  like  that  of  the  Sensitive-plants  &c.,  is  lost,  and 
the  plant  decays.  Even  shoots  separately  enclosed  suffer  in  the 
same  way.  The  death  occurs  especially  early  when  the  plant  is 
kept  in  the  dark. 

This  accounts  in  some  degree  for  the  injury  resulting  fipora  roots  grow- 
ing down  too  deeply  into  the  ground,  as  is  often  observed  with  fmit-trees. 

Assixnilation  and  Respiration. — It  appears,  therefore,  that  there 
are  two  opposed  sets  of  operations  in  which  plants  have  dose  and 
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important  jcdatioDB  with  the  atmosphere :  in  the  one,  oocuiriDg  when 
thej  are  exposed  to  the  sun's  light,  oxygen  is  liberated  and  carbon  is 
fixed,  which  must  be  regarded  as  a  process  of  assimilation  ;  in  the 
other,  oxygen  is  absorbed  and  carbonic  dioxide  is  exhaled,  as  in  the 
ft*piraiion  of  animals.  The  plant  is  thus  subjected  to  two  opposing 
forces  in  connexion  with  the  chloropjiyllian  and  the  general  respira- 
tion— the  one  tending  to  add,  the  other  to  fibstract  material ;  and,  ac- 
cording to  the  proportion  between  these  two  forces,  governed  a^  they 
are  bv  the  variations  of  light  and  temperature,  a  plant  will  either 
Hinit  oxygen  or  carbonic  dioxide  in  variable  proportions.  In  a 
feebly  illuminated  spot  a  plant  may  remain  nearly  in  equilibrium 
for  months.  In  ^bsplute  darkness,  the  eliminating  force  being 
the  only  one  in  operation,  the  plant  can  only  live  upon  its  own  con- 
stituents, emit  carbonic  dioxide  by  their  combustion,  and  finally 
perish  without  increase  of  weight  (Boussingault).  Fixation  of 
carbon  is  absolutely  necessary  for  the  production  of  new  ternary 
compounds  (C  H  O),  but  elimination  of  carbonic  dioxide  appears  ab- 
^lately  requisite  for  the  maintenance  of  the  life  of  the  plant.  The 
eHmination  of  carbonic  dioxide  is  increased  by  heat,  and  is  most 
conspicuous  at  night  or  in  darkness,  but  it  never  entirely  ceases 
during  the  life  of  the  leaf.  In  the  daytime  the  quantity  eliminated 
being  small,  it  is  entirely  taken  up  and  again  deoxidized  by  the 
ehJorophyll. 

According  to  Corenwinder  the  season  of  vegetation  may  be 
divided  into  two  periods :  the  first  that  of  growth,  when  the 
nitrogenous  matter  is  in  excess  but  rapidly  diminishing,  the  period 
Then  the  true  respiratory  process  is  most  vigorous ;  the  second, 
the  period  of  maturity,  ivhen  the  process  of  assimilation  dependent 
on  the  deoxidation  of  carbonic  dioxide  by  chlorophyll  is  at  its 
height,  the  relative  propcMtion  of  carbonaceous  to  other  constituents 
being  then  greatest. 

The  passage  of  gases,  of  whatever  x^ature  and  in  whichever  direction,  is 
dependent  on  the  Laws  of  diffusion ;  the  cuticle  of  the  leaf  in  thej^e  cases 
acU  as  a  dialyzer  or  filter,  checking  evaporation,  but  permitting  the  pas- 
ivi^e  of  gases. 

Effeet  of  iDeozidAtion^ — ^The  assimilative  process,  in  which 
oxygen  is  liberated,  accompanied  by  accumulation  of  carbon  in 
the  tissues,  is  evidently  related  to  the  formation  of  the  remarkable 
series  of  neutral  ternary  compounds  which  constitute  the  great 
bulk  of  the  substance  of  plants,  and,  further,  to  the  production  of 
the  more  obscure  and  far  more  complex  and  varied  series  of  sub- 
Etances  formed  by  a  further  removal  of  oxygen  from  the  compounds 
of  the  first  class. 

The  composition  of  the  principal  constituents  of  cellular  tissues,  and 
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the  substances  found  in  the  watery  cell-sap,  is  generally  sudi  that  tber 
may  be  regarded  as  consisting  of  carbon  pkis  the  elements  of  water ;  but 
it  is  by  no  means  to  be  regarded  as  settled  that  they  are  secondazy  com- 
poim(&  formed  by  the  union  of  water  with  carbon. 

The  formation  of  crystalline  acids,  such  as  oxalic  acid  &c.,  is  theoreti- 
cally accounted  for  by  a  process  of  deoxidation.  A  further  deoxidation  of 
carbonic  dioxide  and  water  would  result  in  the  formation  of  the  different 
carbo-hydrates,  cellulose,  starch,  sugar,  &c.  A  still  greater  loss  of  oxygen 
would  account  for  the  formation  of  the  vegetable  fats  &c. 

The  formation  of  the  neutral  ternary  compounds  being  constantly  in 
relation  to  the  absorption  of  carbonic  oioxide  and  the  passage  of  waur 
through  the  tissues,  with  the  exhalation  of  oxy^n,  it  has  been  assumed 
that  assimilation  of  carbon  in  the  green  parts  of  plants  is  the  result  of 
decomposition  of  carbonic  dioxide  and  of  the  combination  of  the  carbon 
with  water.  As  Liebig,  however,  indicated,  water  is  far  more  easily  dc^ 
composed  than  carbonic  dioxide  ;  and  perhaps  the  oxygen  may  be  deiiyed 
from  that,  its  hydrogen  uniting  with  carbonic  dioxide. 

There  is  no  evidence  to  show  which  view  is  correct.  In  the  next  place. 
Draper  regards  the  decomposition  of  carbonic  acid  as  a  process  resultiug' 
from  contact'Oction  or  fermentation  excited  by  the  nitrogenous  protoplas'in. 
accompanied  by  a  waste  of  the  latter,  in  which  nitrogen  is  liberate<i. 
Mulder,  on  the  other  hand,  believes  that  the  carbonic  dioxide  enters  ioto 
combination  with  some  substance  existing  in  the  protoplasm,  and  that  the 
oxygen  is  set  free  by  the  decomposition  of  this  compound ;  for  example 
that  chlorophyll  is  produced  continually  in  sunshine,  the  wax  associated 
with  this  being  formed  from  starch,  accompanied  by  a  separation  of  oxy- 
gen, that  this  oxygen  partiy  escapes  and  partiy  oxidizes  the  chlorophyll 
substance  and  causes  it  to  llecome  green. 

Of  these  views,  Draper  s  appears  the  most  worthy  of  credit,  as  agreeii^ 
best  with  the  phenomena  observed  in  the  cell-contents.  Chlorophyll  does 
not  originate  from  starch,  but  usually  vice  vend ;  and  it  is  quite  admi.^ 
sible  to  assume  a  deoxidating  contact-action  of  the  protoplasm  under  the 
influence  of  light,  when  we  observe  a  distinct  oxidizing  contact-action  of 
the  same  part  of  the  cell-contents  in  the  dark,  as  in  uie  deoomposition 
produced  by  the  growth  of  the  Yeast-plant  (p.  552). 

Nitroffenona  Constitaents. — As  to  the  nitrogenous  constituents  of  plants, 
we  know  little  at  present  beyond  the  fact  that  they  ori^nally  exist  in 
the  form  of  protoplasmic  substance,  which,  according  to  Mulder,  consist.^ 
of  modifications  of  the  substance  called  proteine,  known  as  v^table 
albumen,  fibrine,  caseine,  &c.  They  constitute  the  substance  of  the  pri- 
mordial utricle  and  the  protoplasm,  on  which  chiefly  depend,  in  all  pro- 
bability, the  vital  and  chemical  activity  of  the  cell-contents.  These  hare 
the  power  of  decomposing  organic  compounds  by  contact-action,  and  pe^ 
haps  of  causing  new  organic  combinations.  How  they  originate  them- 
selves is  unknown ;  but  it  appears  most  probable  that  their  source  ia  either 
ammonia  in  combination  with  oiganic  substances,  or  in  some  cases 
nitrates ;  and  it  is  most  probable  that  there  is  ground  for  Mulder's  opinioo 
that  all  actively  vegetating  cells  (containing  protoplasm)  are  capable  of 
directly  assimilating  oiganic  matters  to  some  extent,  whether  exposed  to 
light  or  not,  as  has  been  shown  in  the  case  of  the  carnivorous  plaots 
before  alluded  to  (p.  560). 
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This  seems  borne  out  by  the  universal  presence  of  these  nitrogenous 
compounds  in  actively  vegetating  cells,  in  roots,  parts  of  the  flower,  in 
cioibium,  &c.,  as  well  as  in  green  organs.  That  the  crude  sap  is  found 
to  contain  uncombined  ammoniacal  salts  high  up  in  the  stem  in  spring 
raav  result  from  the  activity  of  the  currents  of  fluid  allowing  part  of  them 
to  dow  on  undecomposed,  while  a  part  only  is  assimilated  in  the  root^a. 

Proteinaceous  matters,  it  may  now  be  stated  with  some  confidence, 
when  not  directly  absorbed,  originate  in  the  colourless  protoplasm  fronx 
the  decomposition  of  sugar  and  ammonia  salts,  in  the  same  manner  as 
starch  is  formed  in  the  chlorophvll  under  the  influence  of  light.  Pasteur, 
as  W6  have  seen,  induced  the  formation  of  protoplasm  in  yeast-cells  by 
supplying  them  with  a  saccharine  solution  and  a  nitrate  or  ammonia  salt. 

An  animal  of  the  simplest  organization  not  only  produces  heat  through 
respiration,  and  exhales  carbonic  dioxide,  but  a  certain  portion  of  the 
albumen  it  contains  is  modified  by  the  respiratory  combustion  into  a  crys- 
talline nitrogenous  compound  (urea).  In  the  case  of  plants,  asparaffin, 
an  amide,  is  formed  in  the  darkness  as  a  result  of  the  general  respiration, 
and  this  is  as  easily  transformed  into  aspartate  of  ammonia  as  urea  into 
its  carbonate  (Boussingault).  This  asparagin  is  a  modification  of  the 
albuminoid  matters  stored  up  in  the  cotyledons;  formed  when  a  transfer 
of  these  matters  is  required,  as  in  germination. 

Our  space  compels  us  to  restrict  this  Section  within  narrow  limits,  and 
we  are  obliged  to  omit  any  special  reference  to  the  application  of  these 
generalizations  to  the  explanation  of  the  facts  of  Agriculture*.  The 
student  is  recommended  to  study  works  on  physics  and  organic  chemistry, 
a«  vegetable  physiology  is  daily  becoming  more  and  more  a  subject  for  tike 
physicist  and  chemist ;  and  without  a  knowledge  of  the  subjects  treated 
of  bv  students  of  these  sciences,  progress  in  vegetable  physiology  is  im- 
possible. What  is  specially  wanted  are  experiments  and  analyses  showing 
precisely  what  physical  and  chemical  changes  go  on  in  the  several  parts 
of  the  plant  at  various  stages  of  growth  and  their  rationale. 

Sect.  7.  Secbetiok. 

At  the  commencement  of  the  periods  of  activity  of  plants,  as 
when  they  shoot  up  from  seeds,  or  when  the  new  shoots  are  pushed 
oat  in  spring,  the  whole  product  of  the  elaborating  processes  is 
devoted  to  the  formation  of  new  structure,  to  growth.  As  the 
season  advances,  the  cell-forming  activity  slackens,  the  permanent 
tissues  become  consolidated  by  the  formation  of  secondary  deposits, 
and  the  parenchymatous  tissues  appear  loaded  with  accumulated 
products  of  assimilation,  such  as  chlorophyll,  starch-granules,  &c., 
which  in  annual  plants  are  subsequently  consumed  in  the  matura- 
tion of  the  seeds,  and  in  perennials  are  gathered  together  in  autumn 
and  stored  up  in  those  tissues  which  are  to  carry  on  the  develop- 
ment in  the  succeeding  season. 

*  The  student  will  find  a  useful  summary  of  chemical  acienoe  applied  to 
agriculture  in  a  little  work  called  '  How  Gropti  0row '  (MocBiillan). 
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Secretions. — The  pbenoroena  of  growth  have  been  dwelt  upon 
incidentally  in  preceding  Sections,  and  are  further  discussed  in  the 
next  chapter ;  but  we  have  here  to  speak  of  certain  processes,  occur- 
ring more  or  less  extensively  in  plants,  contemporaneously  with 
growth,  in  which  products  are  formed  which  are  not,  like  starch, 
chlorophyll,  &c.,  evidently  transitory  forms  of  assimilated  substance. 
These  substances,  called  by  the  general  name  of  secretions^  are  of  most 
varied  kinds,  and  their  relation  to  the  economy  of  vegetable  life  is 
very  obscure  ;  but  a  brief  notice  of  the  most  striking  of  them  i# 
indispensable. 

A  distinction  is  sometimes  made  between  the  peculiar  products  found 
in  the  interiolr  of  cells,  and  those  which  are  accumulated  in  certain  cases 
iu  intercellular  passages  or  cavities,  or  upon  the  outer  surface  of  cell- 
membranes,  the  former  being  called  aecretiofis  and  the  latter  excretion*. 

The  principal  substances  secreted  by  plants  are  air,  water,  gum,  sugar, 
volatile  oils,  halsams,  resins,  gum-resms,  and  salts,  either  entirely  inor- 
ganic, or  formed  of  combinations  of  mineral  bases  with  organic  acids,  \'o. ; 
besides  these  there  occur  in  individual  Orders  a  multitude  of  alkaloid:^, 
neutral  substances  of  various  kinds,  colouring-principles,  &c. 


. — The  liberation  of  gases  into  intercellular  passages,  cavities,  kc. 
occurs  both  as  a  necessary  accompaniment  to  the  chemical  decompositions 
ffoing  on  in  the  cells,  and  as  a  special  process  connected  with  peculiar 
habit  of  plants  &c.,  as  in  the  UtricularuB,  in  the  air-sacs  of  I^icus  tegicu- 
hsusy  &c.  The  composition  of  the  air  found  in  the  cavities  of  plaiiu 
necessarily  depends  upon  the  external  conditions,  as  under  sunlight  there 
is  generally  a  greater  proportion  of  oxygen  than  exists  in  common  air,  in 
the  dark  but  excess  of  carbonic  dioxide. 

Water. — Water  is  ffiven  off  in  a  liquid  form  by  various  plants,  either 
from  glandulir  papil&e,  or  from  the  general  surface  of  leaves  &c.  In 
NepetiUies  disHUatoriay  Sarracenia,  &c.  water  is  secreted  in  the  pitchers 
wherein  it  accumulates.  The  leaves  of  various  Musacese,  Aracess,  Grasps 
and  other  Monocotyledons,  Trop€Bolum,  Impatiens,  Brassica  oleracea,  &c. 
give  off  drops  of  water  from  the  leaves.  In  Caladium  there  exist  orifices 
at  the  points  of  the  leaves,  communicating  with  internal  canals,  whence 
great  quantities  of  water  flow  (half  a  pint  in  one  night).  This  water  is 
of  couise  contaminated  with  salts  and  small  quantities  of  soluble  organic 
matters. 

Oum  is  usually  poured  out  into  and  accumulated  in  intercellular  pa$- 
sa^res,  as  in  the  Cvcadacece,  in  the  bark  of  the  Acacias,  Cherry,  Sic. 
When  it  is  formed  in  lai^  quantities,  it  bursts  the  tissues  and  exudes  in 
the  form  of  tears.  The  formation  of  the  grum  Tragacanth  in  the  species 
of  Astragalus  is  different  irom  this,  consisting  of  coUenchymatous  thick- 
ening of  the  cells  of  the  pith  and  medullary  rays,  which  swell  by  absorp- 
tion of  water,  and  burst  out  from  the  stem  under  certain  circumstances. 
The  peculiar  organs  called  cystolithes  have  a  gummy  excretion  as  a  bads, 
in  the  form  of  a  clavate  body,  suspended  in  the  interior  of  an  enlai;fr<^d 
cell  by  a  cellulose  pedicle  \  when  mature  these  bodies  are  covered  with 
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ciTstals  of  carbonate  of  lime :  tliej  are  especially  common  in  Urticacefle, 
fe  in  Fieus  eiasticoy  Moms,  Brouufmetia^  &c. 

Sngar,  commonly  occurring  as  one  of  the  soluble  forms  of  the  assimi- 
xt«>d  ternary  substances,  is  occasionally  excreted,  especially  from  the  parts 
nf  tiowen,  such  as  the  so-called  nectaries.  Througn  evaporation  of  water 
the  sugar  sometimes  appears  in  a  crystalline  form.  Grape-sugar  C^lucose) 
i«  apparently  formed  in  the  leaves  by  the  combination  of  carbonic  oxide 
and  hydrogen,  the  former  derived  from  the  breaking  up  of  carbonic  dioxide, 
tbe  latter  derived  from  water.  At  other  times  it  is  formed  from  the  me- 
ti^morphosis  of  starah.  It  is  supposed  that  from  the  glucose  formed  in 
the  leaves  the  principal  carbohydrates,  such  as  cellulose,  cuticular  sub- 
srance,  some  acids  (as  oxalic  and  formic),  are  derived  from  the  oxidation 
of  the  glucose. 

Sugar  occurs  commonly  in  the  corolla-tubes  of  monopetalous  flowers 
(Lilac  &C.).  on  the  nectariferous  coronet  of  various  plants,  on  the  glands 
of  petals  bke  those  of  Hanunculus,  Pamamay  &c.,  or  in  pits  in  the  same 
^itllation,  as  in  some  Liliacese.  On  the  leaves  of  various  species  of  Acacia 
occur  glands  secreting  sugar;  and  the  same  is  the  case  in  species  of 
('ierodendron,  Laorustinus,  the  lower  surface  of  young  leaves  oi  Prunus 
LaurocerasuSj  &c  Various  species  of  Ash  (lyajrinus)  and  Tamarix  excrete 
a  great  quantity  of  saccharine  substance  under  the  form  of  manna. 

The  wounds  inflicted  by  insects  {Aphis)  idso  cause  excretion  of  sugar 
from  leaves^  formiiig  '*  honey-dew." 

PecfoM  and  Pectaae. — Pectose  is  a  gelatinous  hydrocarbon  insoluble  in 
'R^ter,  alcohol,  and  ether,  found  in  unripe  fruits,  and  in  fleshy  roots  like 
carrots.  Bv  the  agency  of  acids  it  is  converted  into  pectiney  which  gives 
the  vi;«id  cbaracter  to  cooked  fruits.  Pectose  is  a  peculiar  ferment  found 
in  fruits,  which  transforms  pectose  into  pectosic  acid. 

Volatile  OUa  ai6  extremely  numerous.  They  are  ordinarily  secreted  in 
glands,  either  external  or  internal,  situated  on  the  herbaceous  parts  of 
pltnts.  Thev  are  rarely  pure  substances,  the  essential  oils  usually  con- 
uining  dissonred  resinous  matters,  camphor,  or  active  principles  of  varioits 
kinds.  The  odours  of  plants  and  many  of  their  most  important  qualities 
depend  upon  these  secretions,  which  are  generally  peculiar  to  particular 
genera  or  Orders  of  plants,  and  not  unfre<|ttently  differ  in  slight  degrees, 
60  as  to  be  characteristic  of  particular  species  in  an  Order.  The  chemistry 
of  the  formation  of  these  bodies  is  still  very  obscure.  Some  are  hydro- 
carbons ;  others  contain  ox  vgen  in  addition ;  and  sulphur  plays  an  impor- 
tant part  in  manv,  especially  in  the  Grucifers.  The  only  general  state- 
ment which  can  be  made  is,  that  the  majority  of  the  essentia  oils  contain 
kss  oxygen  in  proportion  to  carbon  and  hydrogen  than  the  dextrine  and 
the  other  neutral  ternary  compounds,  and  that  their  production  stands  in 
a  certain  relation  to  the  access  of  sunlight  to  the  plants. 

The  Labiats  with  their  external  epidermal  glands,  the  Hyperieaceas 
and  Aurantiacero  with  their  internal  glands,  the  Umbelliferae  with  the 
oleiferous  vittse  in  the  fruit,  the  TerebinthaeesB,  Rutacese,  &c.  are  striking 
instances  of  the  occurrence  of  essential  oils  in  particular  Orders. 


I,  solid  or  fluid  (balsams),  are  very  varied.  They  occur  chiefly 
in  intercellular  paseaffes^  or  in  groups  of  cells  especially  devoted  to  the 
aecietion  of  these  producta.    yety  little  is  known  of  the  processes  of  their 


I 


582  PHTSIOLOOT. 

fonuation ;  but  the  same  generalities  apply  to  them  as  to  the  essential 
oils  with  which  they  are  not  unfrequently  associated. 

Among  the  resin-producing  Orders  may  be  noticed  especially  the  Goni- 
ferae,  the  Leguminosae  {Copaiferaj  Myroxylon,  A**.),  Amyridaceae,  Gutti- 
ferje,  Styracesa,  Terebinthace^e,  Liliace»  {Aloe,  Xanthorrhea)^  &c- 

Resinous  and  waxy  matters  are  found  in  considerable  abundazice  on 
the  surface  of  the  leaves  or  fruits  of  many  plants.  It  is  not  clear  at  present 
how  far  these  are  to  be  regarded  as  proper  excretions  or  as  chemicallT 
metamorphosed  epidermal  structures. 

Under  this  head  falls  the  waxy  coat  of  leaves  and  fruits  which  exhibit 
what  is  called  a  *^  bloom/'  as  the  leaves  of  Primulacefle  (P.  Aurunda^  &.c.)j 
the  fruits  of  the  Plum,  &c.  The  wax  of  the  Wax  Palm  ( Ceraaylon)  is 
formed  in  flakes  upon  the  surface  of  the  stem. 

Wax  and  resinous  matters  occur  on  the  outer  coat  of  the  pollen  of 
flowers ;  and  the  viscid  surface  presented  by  the  epidermis  of  many  plants^ 
such  as  Lychnis  Vitcaria,  some  Silenes,  '&c.,  is  attributable  to  similar 
causes. 

Latex. — ^The  so-called  milky  juices  (latex)  occurring  in  speciaUy  modi- 
fied intercellular  passages  (p.  613)  are  of  complex  composition,  containing 
essential  oils,  resms,  gum-resins,  starch-gruins,  extractive  matters,  alka- 
loids, proteinaceous  compounds,  caoutchouc,  &c.  suspended  in  water, 
forming  a  kind  of  emulsion.    They  are  not  opaque  and  milky  in  their 
natural  state,  but  become  so  when  exposed  to  air,  and  mostly  assume  a 
transparent  resinous  character  when  their  wateiy  constituents  evaporate. 
Very  different  opinions  have  been  expressed  as  to  the  nature  of  latex  and 
the  vessels  containing  it.     By  some  it  has  been  considered  a  nutritive 
fluid  analogous  to  arterial  blood,  by  others  as  of  purely  excrementitioas 
nature.    A  third  notion  is  founded  on  the  comparison  of  the  fluid  in 
question  with  venous  blood.    Probably  that  view  Dy  which  it  is  regarded 
as  a  fluid  containing,  mixed  with  matters  of  a  directly  nutritive  charact^^r, 
others  which  are  excrementitious  in  their  nature  (Sachs,  Hanstein)  is  the 
most  correct.    Tr^cul  holds  that  the  laticiferous  vessels  are  the  analc^es 
of  the  veins,  and  their  contents  equivalent  to  venous  blood.    He  traces  a 
contact  and  inosculation  of  the  laticiferous  vessels  with  the  pitted  ducts 
and  other  vessels.    Latex  from  this  point  of  view  would  be  the  residue  of 
the  sap  after  elaboration  by  the  cells — the  captU  morfuum  of  the  sap. 
Faivre  s  experiments  show  tnat  the  latex  may  flow  in  any  direction,  and 
not  only  through  the  bark,  but  through  the  wood  and  the  pith  (in  Ficiu 
elaftiea). 

These  juices  abound  especially  in  particular  Orders,  as  in  the  Papa- 
veracesB,  Euphorbiaceee,  roots  of  6ichorace8e,  Apocynaceas,  Urticacese,  &c. 
Amongst  the  most  important  substances  obtained  by  evaporating  them  to 
dryness  are : — opium  from  Fapavtr  somniferumf  and  c€totttck<mc  horn  various 
Euphorbiaceae,  Urticacese, and  Apocynacese ;  guttapercha  from Imtumdra 
gutta,  &c. 

Saline  Matters. — The  saline  and  purely  mineral  excretions  of  plants 
have  been  already  referred  to.  They  occur  as  incrustations  of  the  cell- 
membranes,  as  silica  in  the  Grasses,  EquisetacesB,  Stellatse,  &c,  or  cai^ 
bonate  of  lime  in  Chora,  Corallina,  and  in  smaller  quantities  on  the 
leaves  of  various  Saxifruges.    Crystals  (re^hides,  p.  505),  either  of  inoi- 
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^mic  salts  or  compounds  of  organic  acids  with  lime  Sec,  are  frequently 
met  with  in  the  cellular  tissues ;  hut  very  little  is  known  at  present  of 
the  nature  of  their  relation  to  the  chemical  processes  of  vegetation. 
Calcium  oxalate  maj  be  regarded,  according  to  Hobner  and  Ililgers,  as  a 
product  of  elimination,  hy  means  of  which  the  superfluous  lime  is  depo- 
sited in  a  solid  form.  This  lime  is  set  at  liberty  by  the  calcium  phosphate 
absorbed,  when  this  is  decomposed  to  supply  the  phosphoric  acid  requisite 
for  the  new  albuminoid  materials.  The  lime  so  liberated  is  combined 
with  the  oxalic  acid  with  which  young  tissues  abound.  Rauwenhoff 
shows  that  these  raphides  are  wanting  in  plants  grown  in  obscurity; 
which,  therefore,  is  an  indication  of  inability  of  the  plant  to  absorb  or 
decompose  calcic  phosphate. 

The  close  relation  of  the  vegetable  acids,  oxalic,  malic,  citric,  &c.,  to 
carbonic  dioxide,  water,  and  the  ternary  assimilated  substances  has 
already  been  alluded  to. 

Tannin,  or  tannic  acid,  is  a  very  frequent  constituent  of  the  woody 
n»!!(ues  when  their  vital  activity  has  ceased,  and  is  perhaps  a  product  of 
decomposition.  It  is  formed  in  plants  exposed  to  li^ht  as  well  as  in 
those  grown  in  obscurity,  but  in  smaller  proportions  m  the  latter  case. 
Oak,  Sumach,  Rhus  coriaria,  Acacia  catecnu,  &c.  owe  their  tanning  pro- 
p»*rtie8  to  this  substance.  In  fruits  the  proportion  of  tannin  decreases  as 
that  of  sugar  increases,  but  it  is  not  known  what  circumstances  regulate 
the  change.  For  the  detection  of  tannin  in  the  cells  under  the  micro- 
"icope,  Sanio  recommends  that  sections  be  macerated  in  potassic  bichro- 
mate, which  causes  a  reddish-brown  precipitate  in  the  cells,  and  which 
1^  consistent  enough  to  allow  of  sections  being  made  without  extravasa- 
tion and  staining  of  adjacent  tissues. 

Speaking  in  general  terms,  it  may  be  said  that  the  immediate 
principles  of  plants  may  be  grouped  under  three  heads: — 1,  those 
in  which  oxygen  is  in  excess — as  pectin,  pectose,  tannin,  and  vege- 
table acids ;  2,  those  in  which  H  and  O  are  in  equal  proportions — 
cellulose,  starch,  gum,  sugar,  lactic,  acetic,  quinic  acids ;  and,  3, 
those  where  H  is  in  excess — as  in  resins,  essential  oils,  camphor, 
salicin,  various  alkaloids  and  colouring-matters. 
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CHAPTER  III. 


I 


GROVi^TH  AND  DEVELOPMENT  OF  ORGANS. 

Sect.  1.  Detblopmbnt  or  CeluL 

The  formation  6f  new  cells  ta^es  place  in  seveml  Wny^,-  tbou^b 
essentially  the  process  always  consists  in  the  setting  apart  of  the 
whole,  or  more  frequently  of  a  portion  or  portions  of  the  proto- 
plasm in  one  or  other  of  the  following  manners : — 1,  by  condensa- 
tion or  alteration  of  the  molecular  structure ;  2,  by  segmentation  or 
by  both  combined ;  and,  3,  by  the  blending  of  the  contents  of  one 
cell  with  those  of  another.  In  any  case  the  mass  of  protoplasm 
newly  set  apart  is  sooner  or  later  invested  by  a  cellulose  coat.  It  is 
hence  convenient  to  treat  of  cell-formation  under  the  heads  of 
segregation,  conjugation,  segmentation,  and  free-cell  fornmtion. 

Cell-formation  by  Segregation. — A  certain  portion  (or  portions) 
of  the  protoplasm  is  set  apart  from  the  rest,  escapes  ultimately 
from  the  cell-wall,  lives  independently  for  ii  time,  and  ultiAaately 
is  invested  with  a  cellulose  coat.    The  zoospores  ol  (EdUf^&mum 

Rg.fiOl. 


DeTe]o|[)meBt  of  eoospore  in  (Edoaomvm:  a,  parent  filament;  6«  a  joint  breaking  mertm  to 
emit  its  contentii;  e,  a  more  aaTanced  Btim;e,  the  (globular  maat  of  oontents  (naaoent  too- 
Ruore)  Btill  within  a  cellulose  peUiole;  d,  em^^  parent  cell;  e,  the  soocpore  ceoaped 
from  it,  with  its  crown  of  cilia  formed ;  /,  the  sooepore,  after  it  haa  settled  down^  becMM 
enoTsted  bj  a  celloloM  coat,  and  begun  to  grow  into  a  new  filament.    Magn.  SOO  diunu 

and  other  filamentous  Alg®  are  formed  in  this  manner  (^g,  591). 
Sometimes  the  whole  of  the  protoplasm  escapes  from  the  cavity  of 
the  cell,  and  ultimately  forms  a  new  cell.  This  is  spoken  of  as  re- 
jiweMscence.    The  detached  masses  of  protoplasm  often  move  in  an 
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amoeboid  mannei",  and  swim  about  by  the  aid  of  ciliary  projections,, 
snd  it  16  not  until  they  come  to  rest  tha;fc  they  form  a  cellulose  coat 
(%.  591)  and  acquire  the  appearsince  of  a  completely  formed  cell. 

Fonbatioik  by  Conjugation. — This  mode  of  cell-formation,  met 
^^th  in  some  Algae  and  in  some  Fungi  (fig.  503,  B,  h :  ^g.  512,  A, 
r,  d),  consist-s  of  the  transfer  of  the  protoplasmic  contents  of  one  cell 
into  the  cavity  of  an  adjoining  cell,  and  in  the  fusion  or  blending 
of  the  protoplasm  of  the  one  with  that  of  the  other.  The  spore  so 
formed  is  called  a  zi^gospore.  In  place  of  a  numerical  increase  am 
ftctaal  decrease  occurs  here,  from  the  blending  of  two  into  one. 

Cell-diTision  or  SegmentatioA. — ^This  is  the  common  mode  of 
oell-formation  in  the  vegetative  system  of  plants,  and  occurs  also  in 
a  slightly  modified  form  in  the  formation  of  pollen.  In  this  method 
of  cell-formation  the  iiewly-formed  cells  remain  for  a  time  or  per- 
manently in  contact  \hi\i  each  other,  and  do  not  become  free  or 

Fig.  592. 


B«etion  of  Che  oater  larera  of  the  rind  of  Ctrtu*  peruvianut  loeJced  in  alcohol:  a,  cortical 
cells  with  contnct<>a  protopUam,  some  with  newlj  formed  septa  («);  b,  cork  cells  newly 
formed  bj  diTiaion  in  the  outer  cortical  cells;  o,  epidermai  cells;  d^  ontide.  Msgn. 
SOOdlam. 

detached,  at  least  at  first.  The  process  takes  place  in  all  growing 
pftrts  of  plants,  but  in  the  higher  classes  these  regions  are  only  ac- 
cessible by  dissection;  in  the  lower,  and  especially  in  aquatic 
plants,  we  are  able  to  observe  the  process  of  cell-division  in  living 
organismB  in  allitfl  details ;  and  it  is  in  these  that  the  phenomena 
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are  most  satisfactorily  studied.  CeU-division  can  only  take  plue  in  a 
ceil  which  retains  its  protoplasm  in  an  active  state,  as  lu  the  cells 
constituting  the  merulem  (p.  514).  When  the  parent  cell  is  about 
to  produce  two  (or  four,  rarely  niQre)  new  cells,  the  protoplasm 
separates  from  the  cell-wall  at  the  line  bounding  the  plane  of  divi- 
sion, and  advances  inwards  in  the  form  of  a  narrow  fold,  until  the 
portions  of  the  fold  coming  from  the  different  sides  of  the  cell 
coalesce,  so  that  the  protoplasm  is  resolved  into  two  (or  more)  closed 
utricles,  together  complet^-ly  occupying  the  place  of  the  original 
utricle.     While  the  protoplasm  is  folding  inward,  it  forms  thichen- 


rah^nlf;  c'Sm^il  utrid  "'or  p 
if  pt>«.    B  &  C.  f  Ug'i  of  Dip  fort 
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■ill  of  tb«  Bcw  crlU;  c,  pntOFluB- 
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«(UI  otAAOgbttr  »Ut;  o,  protopUtta-    M4gn.  Si 

ing  cellulose  laminie  on  the  wall  of  the  parent  cell  and  on  either  fii^ 
of  the  septum  separating  the  cavities  of  the  two  new  cells,  formed 
by  the  infolded  portions  of  the  proteplasm  (fig.  593).  This  lalw 
place  not  only  in  the  vegetative  cells  but  also  in  the  pollen.  A' 
other  times  the  new  dividing  cell-wall  is  formed  gradually,  att« 
the  sudden  division  of  the  protoplasm  into  two  or  more  portions. 
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80  that  the  process  of  ceU-division  exhibits  two  principal  modifica- 
tiuns — that  in  which  the  new  cell- wall  is  secreted  during  the  divi- 
sion of  the  protoplasm,  and  that  in  which  it  is  formed  only  after 
its  complete  segmentation. 

This  phenomenon  may  be  traced  very  clearly  in  all  its  minutiffi  in  large 
Fpecies  of  Confervae  (Cladoph<fra,  fig.  693)  ;  and  so  far  as  we  may  judge 
uom  observations,  extended  from  similar  cases,  through  the  accessible 
rtru-ctures  (nascent  leaves,  prothallia,  &c.)  of  Mosses,  Ferns,  &c.,  up  to 
what  we  can  detect  in  sections  of  the  tissues  of  the  Phanerogamia,  it  is 
tae  general  mode  of  subdivision  of  cells. 

The  principal  varieties  which  this  process  exhibits  depend  on  the  cha- 
nocter  of  the  tissue  to  which  the  dividing  cell  belongs.  In  filamentous 
Confervoids  this  division  takes  place  in  most  cases  both  in  the  end  cell  of 
ft  filament  (apical  growth)  and  m  cells  forming  links  further  down  (inter- 
calary ^owth) ;  in  each  case  the  parent  cell  elongates  more  or  less  beyond 
the  ordinary  measure  before  dividing,  and  the  new  cells  each  grow  until 
t'ley  equal  the  adult  length  of  the  parent.  In  the  branched  Cladophoree 
iti^.  512,  C)  &c.  the  pareut  cell  sends  out  a  lateral  arm,  which  is  at  first 
a  pouch  with  its  cavity  continuous  with  that  of  the  parent ;  and  this  is 
subsequently  shut  off  by  a  lateral  septum  formed  in  the  manner  above 
■i'f^cribed. 

Ihe  basidiospores  of  the  Agarics  &c.,  and  the  spores  of  PemctUium,  Bo- 
fryfis,  and  the  allied  forms  of  Fungi,  are  produced  in  the  same  way,  as 
tU  >  are  the  conidia  of  the  "  Yeast-fungus,'*  the  new  cells  emerging  like 
bubbles  blown  out  jfrom  the  wall  of  the  parent  cell,  and  becoming  sub- 
^uently  shut  off  by  a  similar  process.  In  the  Phanerogamia,  the  cells 
of  the  growing  points,  as  of  the  apex  of  buds  and  roots,  of  the  cambium- 
layer  of  the  stem,  &c.,  multiply  while  very  minute,  so  that  it  is  not  so 
wi-sy  to  trace  the  changes ;  but  cell-division  may  be  readily  observed  in 
the  epidermal  hairs  of  the  highest  plants,  and  the  protoplasm  is  observed 
to  be  equally  efficient  as  the  agent  of  multiplication  in  these.  The  direc- 
tion in  which  the  division  takes  place  is  usually  horizontal,  sometimes 
f>tlique,  rarely  if  ever  strictly  vertical.  It  will  readily  be  surmised  that 
the  form  of  the  organs  and  the  mode  in  which  they  ramify  may  depend 
materially  on  the  form  of  the  terminal  or  apical  cells,  and  on  the  direction 
in  which  they  divide. 

The  production  of  complete  cells  within  cells,  the  septa  dividing  the 
new  chambers  being  continuous  with  new  laminae  deposited  on  the  old 
wall  of  the  parent  cells,  may  not  only  be  observed  directly  in  CUidophora 
(tiff.  593,  D),  but  is  beautifuily  provei  by  allowing  filaments  of  Spirogyra 
to  decay  in  water ;  but  these  break  up  into  lengths  of  eight,  four,  and  two 
f^\h,  and  at  last  into  single  short  cells,  by  the  solution  of  the  membranes 
fr'»m  without  inwards. 

The  softening  and  swelling  up  of  these  parent  membranes  doubtless 
in've  rise  to  the  semigelatinous  coat  of  many  of  the  lower  Algse,  espe- 
ciftlly  the  NostochinecB  and  Paimellea,  In  the  cells  of  the  parenchymatous 
^nes  of  the  higher  plants,  their  parent  membranes  are  mostly  lost  sight 
of  by  being  expanded  to  extreme  tenuity,  since  the  cells  here  usually  in- 
ff»*ase  very  much  in  size  after  their  first  formation.  In  woody  tissues, 
furmed  from  cambium-cells,  they  are  mostly  so  thin  as  to  be  almost  im- 
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perceptible;  bat  it  appears  m  though  in  some  instances  they  became 
trans tormed  into  a  kind  of  cement,  gluing  the  cells  together,  but  cap&ble 
of  being  dissolved  bj  nitric  acid  so  as  to  set  the  vrood-cells  free. 

Cellndivision  occurs  as  a  forerunner  of  free-cell  formation  in  many 
cases,  when  a  tissue  is  about  to  give  birth  to  a  great  number  of  free  cells ; 
as  in  the  formation  of  the  pollen-grains  in  anthers,  and  the  spores  in  the 
sporanges  of  the  higher  Crjptogamia,  where  the  structure  is  in  the  first 
instance  developed  into  a  quantity  of  chambers  by  cell-divisiony  each  of 
the  compartments  then  producing  a  tree  cell. 

This  must  be  borne  in  mind  presently,  when  we  come  to  speak  of  the 
modifications  of  friee-cell  formation. 

Changes  in  the  HucIenB. — During  the  division  of  the  protoplasm 
as  above  described,  and  in  intimate  conneidon  with  it,  complex 
changes  occur  in  the  nucleus,  which  have  been  specialiy  studied  by 
8trasburger  in  Spirwfyra,  At  the  commencement  of  cell-di vision 
(which  occurs  only  at  night)  the  nucleus  increases  in  siae,  loses  its 
nucleolus,  alters  in  form,  and  shows  in  the  centre  a  transverse 
constriction  in  the  form  of  a  band,  the  nucleus-band^  which  is 
marked  by  rod-like  condensations  of  protoplasm.  Subsequently 
the  nucleus,  still  increasing  in  size,  again  alters  its  form,  beaming 
barrel-shaped,  with  an  aggregation  of  granular  protoplasm  at  each 
end.  Division  takes  place  across  the  nucleus-band  in  about  15 
minutes  after  its  first  appearance.  Two  new  nuclei  are  formed, 
which  separate  partially  one  from  the  other,  but  are  connected  by 
means  of  protoplasmic  threads  with  the  agmregations  of  protoplasm 
at  the  two  ends  of  the  parent  nucleus.  Other  threads  gradually 
connect  the  new  nuclei  with  the  protoplasm  lining  the  walls  of  the 
cells,  and  from  which  the  septum  is  formed.  This  septum  passes 
between  the  two  nuclei,  and  divides  the  original  cell  into  two,  each 
with  it«  nucleus.  Daring  the  subdivision  of  the  nuclei,  nucleoli 
are  formed  in  them,  but  these  disappear  with  the  exception  of  one. 
In  Spirogyra  the  chlorophyll  is  arranged  in  ribbon-like  eoils  (see 
fig.  649),  and  along;  these  coils,  when  the  cell  and  nucleus  subdivi- 
sion are  taking  place  as  just  described,  currents  of  protoplasm, 
carrying  starch-grains  along  with  them,  may  be  seen ;  so  that  about 
three  quarters  of  an  honr  after  the  first  change  in  the  nucleus,  a 
ring  of  protoplasm  is  found  to  extend  round  the  cell,  towards  which 
the  starch-grains  proceed  in  great  numbers.  On  this  ring  the  firs^ 
layer  of  cell-membrane  is  formed  at  the  expense  of  the  starch- 
grains.  The  nucleus  which,  just  prior  to  dinsion  of  the  cell,  is 
placed  near  its  centre,  is  placed,  softer  that  process  is  oompleted, 
near  the  side. 

Kree-cell  formation. — The  essential  character  of  free-cell  for- 
mation lies  in  the  circumstance  that  the  protoplasm  which  produces 
the  primary  cellulose  wall  of  the  new  cell  previously  becomes  sepa- 
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n\fd  from  the  wall  of  the  pttrent  c«ll,  bo  that  the  new  cell  is  free 
(or  loose)  in  the  cuvity  oE  the  parent  cell. 
Xodifioctioiu  of  Prse-cell  FonnAtio]i. — These  are  Dumerous. 

Tbf  simplest  case  is  where  the  protoplasm,  en ciosinji  tht  tvhoU  con~ 
full  of  the  parent  cell,  RepRrates  all  over  from  the  wall  of  t.he 
[iirrint  cell,  ami,  while  thus  free,  produces  a  cellulose  membrane 
oief  its  whole  surface,  »hii:h  coDstitutea  the  walJ  of  a  new  cell. 

Fig.  594. 
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This  takes  place  in  the  fonnation  of  the  parent  cells  of  the  pollen,  in 
lli«  cells  of  the  DarencliTDwtous  tissues  of  the  ceatral  re^un  of  the  anther, 
ud  aomettuies,  but  not  nlwavs,  in  the  fnrmation  of  the  polkD-)p^UB.  It 
•ppean  to  occur  also  in  tbe  fonnntioii  of  the  paretit  cells  of  the  spores  of 
flosses,  Hepaticn,  Ferns,  kc.  If  the  separated  protoplasm  escape  and 
luitnie  an  independent  career,  the  formation  is  bv  uoialtoit  or  eegregiition, 
li  before  aiplamed, 

A  ease  closelj  analoj^us  to  this  is  where  Ihe  ichoU  contntft  of  tbe 
puent  cell  became  parted  into  four  or  more  portions,  collectivelj  filling 
tiie  parent  cell,  but  tree  from  it,  so  that  when  they  secrete  their  membranes 
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they  become  so  many  free  cells,  which  escape  by  the  bursting  or  solution 
of  the  parent  cell. 

This  case  occurs  frequently,  with  the  production  of  four  cells,  in  the 
development  of  pollen-grains  and  the  spores  of  the  higher  Ciyptogamiji. 
Sometimes  there  is  a  certain  irregularity  in  such  cai^s,  the  parent  cell 
either  becoming  really  chambered  by  cell-division,  and  forming  one  cell 
in  each  of  the  four  chambers,  or  at  once  giving  birth  to  the  four  free 
daughter  cells. 

Other  instances  of  this  modification  are  found  in  the  development  of  th* 
spores  of  the  asci  of  Lichens  and  Mosses,  apparently  also  m  the  tetn- 
spores  of  FloridesB.  The  development  in  this  way  of  new  cells  which 
escape  from  the  parent  cell  as  naned  utricles  is  observed  in  the  spores  of 
Fucus  (fig.  595),  and  in  the  zoospores  of  many  Confervoidd,  wmch  an* 
formed  in  fours  in  each  cell  {Ulva^  CoteockaUj  &c.). 

The  resolution  of  the  whole  contents  of  a  cell  into  a  great  number  of 
free  cells  occurs  in  the  formation  of  the  very  numerous  zoospores  of  C/o- 
dophora  (fig.  512,  C,  d)  and  AcMya,  with  the  formation  of  the  new  cell- 
membrane  after  their  escape  from  the  cavity  of  the  parent ;  and  what  is 
observed  in  these  cases  leaos  to  the  conclusion  that  a  similar  mode  of  de- 
velopment, going  on  to  the  completion  of  the  cells  within  the  parent, 
occurs  in  the  formation  of  the  parent  cells  of  the  spermatozoidjs  or  anth^r- 
idia  of  the  higher  Cryptogamia,  where  a  great  number  of  minute  £rve 
cells  are  developed,  and  are  foimd  free  in  the  cavity  of  a  large  parent  cell. 
The  formation  of  the  new  fronds  of  Hydrodictyon  is  a  remarkable  case  of 
the  resolution  of  the  whole  contents  of  a  cell  into  a  vast  number  of  free 
cells,  which  acquire  their  cellulose  coats  and  cohere  into  a  new  network 
within  the  parent  cell. 

In  the  formation  of  the  ffermimd  vesicles  in  the  embryo-sac  of  the 
Phanerogamia,  and  probably  m  the  cell  corresponding  to  the  embryo-sac 
in  the  archegonia  of  the  higher  Cryptogamia,  a  portion  only  of  the  proto- 
plasmic siibstance  of  the  parent  cell  takes  part,  becoming  isolated  in  the 
form  of  one  or  more  (usually  three  in  Phanerogamia^  globules  (fig.  59^  A), 
one  (or  sometimes  two)  of  which  acquires  a  ceUulose  membrane  and 
forms  the  first  cell  of  the  embryo,  or  its  suspensor  (fig.  594,  B).  The  new 
cell  is  here  often  very  much  smaller  than  tne  parent  cell ;  and  this  case 
thus  ofiers  the  clearest  and  most  striking  instance  of  free-cell  formation. 

In  the  embryo-sac  of  many  of  the  Phanerogamia  we  observe,  subse- 
quently to  impregnation,  a  process  of  free-cell  formation  of  a  peculiar 
kind,  tne  protoplasm  of  the  embryo-sac  breaking  up  by  degrees  into  nume- 
rous corpuscles,  which  successively  form  cellulose  coats,  and  apply  them- 
selves to  the  wall  of  the  embryo-sac,  until  the  layers  meet  in  tne  centre, 
and  the  whole  sac  is  filled  up  with  a  parenchymatous  tissue,  the  cells  of 
which  (endosperm-cdls)  are  at  first  very  loosely  coherent.  Perhaps  the 
parent  cells  of  the  spermatozoids  are  formed  in  tnis  way,  in  the  cells  of  the 
antheridia  of  the  higher  Cryptogamia. 

The  formation  of  the  active  zoospore  of  Vauch^ria  is  really  a  result  of 
the  isolation  and  individualization  of  a  portion  of  the  contents  of  the 
parent  cell,  since  here  the  whole  plant  is  one  gigantic  cell ;  but  this 
case  is  quite  difierent  from  the  developments  included  in  the  preceding 
paragraph. 

Free-cell  formation  occurs  either  with  or  without  the  ^ireseaoee  d  % 
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nucleus.  If  a  nucleuB  be  originally  present,  it  disappears,  or  becomes  as 
it  were  liquefied  in  a  mass  of  protoplasm  which,  from  the  admixture  of 
cell'Sap,  becomes  froth j  below,  the  upper  portion  becoming  condensed  and 
granolar.  Around  certain  portions  a  cell-wall  is  formed  as  just  explained. 
Other  portions  of  the  protoplasm  become  liquid,  forming  the  so-called 

Development  of  vessels^  epidermis^  6fc. — The  different  forms  of 
Tascular  tissue,  including  the  laticiferous  vessels,  originate  from 
cells.  The  most  usual  course  is  for  a  number  of  more  or  less 
oblong  cells  to  range  themselves  end  to  end  in  longitudinal  series  ; 
after  a  time  the  partitions  between  the  cells  are  broken  down  or 
reabsorbed,  and  a  continuous  tube  results.  The  immediate  inducing 
cause,  and  the  precise  manner  in  which  the  partitions  are  absorbed, 
are  not  known. 

The  epidermal  cells  are  in  the  first  instance  usually  smaller  than 
the  other  parenchymatous  cells,  and  more  closely  packed  together. 
They  are  at  first  spherical,  or  nearly  so,  but  shortly  assume  the 
usual  flattened  character.  The  epidermis  is  at  first  destitute  of 
stomata ;  but  these  organs  are  gradually  developed  in  the  manner 
described  in  the  following  paragraph. 

Bayelopmeiit  of  Stomata. — In  certain  of  the  cells  the  nucleus 
previously  in  contact  with  the  cell-well  becomes  detached  from  it, 
and  subdivides  into  two  nucleoli ;  the  parent  cell- wall  then  forms 
a  septum  between  them;  and  thus  two  cells  are  formed  in  apposition, 
the  septum  being  at  first  single,  but  subsequently  splitting  so  as 
to  separate  the  two  daughter  cells  and  leave  an  opening  (stoma) 
between  them  which  communicates  with  a  wide  interceliuiar  space 
beneath.  Sometimes  cell-division  occurs  in  the  above  manner, 
without  the  appearance  of  any  nucleus ;  but  the  parent  and 
daughter  cells,  unlike  the  other  epidermal  cells,  always  contain 
chlorophyll.  The  intercellular  canals,  and  canals  for  secretion, 
originate  in  a  similar  manner  to  the  stomata. 

Sect.  2.  Detelopmekt  of  the  Seedldto  Plant. 

The  formation  and  mode  of  development  of  the  embryo  in 
Phanerogamia  will  be  hereafter  alluded  to.  In  this  place  it  may 
be  well  to  allude  briefly  to  the  principal  phenomena  witnessed  in 
the  germination  of  the  embryo-plant. 

Germinatioii  of  Dicotyledons. — The  germination  of  the  embryo, 
considered  in  its  morphological  aspect,  begins  by  the  protrusion  of 
the  radicle  (p.  156)  in  a  downward  direction,  subject  to  very  few 
exceptions.  The  structure  and  formation  o£  the  growing  point 
has  already  been  alluded  to.    After  the  radicle  has  protruded,  or 
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simultaneonsly  with  it,  the  two  seed-leaves  or  coiifUdont  (p.  156) 
gradually  emerge  from  the  seed-coats,  being  raised  by  the  growth 
upwards  of  the  tiijeVum^  or  hypocotyledonary  axis  (fig.  596).  If  the 
seed-leaves  are  thin  and  leafy  they  are  pushed  up  above  ground,  and 
become  epifjeal^  fulfilling  at  once  the  functions  of  true  leaves.  If 
they  are  thick  apd  fleshy,  they  generally  remain  beneath  the  soil 
O^ypog^(d\  or,  at  any  rate,  do  not  perform  the  functions  of  leaves 
but  only  of  store-houses  (fig.  596).  Between  the  two  cotyledons, 
at  the  summit  of  the  tigellum,  may  be  seen  the  plumule  or  rudiineD- 
tary  bud  enclosing  the  growing  point  by  means  of  which  the  st^m 
elongates.  Axillary  buds,  each  with  its  growing  point,  are  some- 
times produced  in  the  axils  of  the  cotyledons. 

The  general  procera  of  sperraination  in  Dicotyledons  is  subject  to  various 
modifications,  such  as  the  union  of  the  two  cotyledons  in  Anemone, 
Aconitum^  Sic.y  the  growing  point  then  making^  its  way  through  a  slit  or 
aperture  in  the  stalks  of  the  cotyledons,  which  latter,  in  such  cases,  oft4>n 
remain  within  the  seed.  In  Cydatnen  there  is  but  a  single  cotyledon, 
while  in  other  cases  no  trace  at  all  of  cotyledons  is  visible,  the  embryo  con- 
sisting then  of  a  thick  tigellum,  one  end  of  which  tapers  ino  a  radicle, 
the  other  forms  a  stem  as  in  some  Myrtacese  and  Glusiaceie. 

Fig.  606. 


I. 


Germinatioii  of  the  Bean. 
I.  Seed :  the  black  mark  at  the  lower  end  ii  the  hilnm. 

TTT  ^J?^'  tttrface  of  embryo,  the  Beed-coat  remored.    e,  cotrledon,  r,  radida. 
TV   ^°*y^*d**o  separated  from  ita  fellow  and  Been  from  within,    p,  plttmale;.r,  rsdici''. 
Iv.  Shows  protrusion  of  radicle  and  plumule ;  the  cotvladcms  stiU  oaiilr  endoaMi  tritbis 
the  seed.  ' 

The  development  of  the  so-called  premorse  root  and  the  formatioD  of 
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tke  90-called  tufted  stem  are  illustrated  by  the  germination  of  the  Cow- 
slip as  observed  by  Mr.  Holland.  The  seedling  (tisf.  697,  A)  germinates 
in  the  usual  way ;  but,  after  a  time,  the  weight  oi  the  rapidly-growing 
plamde  causes  the  tigellum  to  bend  downwards  and  become  more  or 
less  horizontal.  Adventitious  roots  are  tben  thrown  out  from  the  top  of 
the  original  tigellum,  which  gradually  decays  away,  and  the  seedling 
stM^  ia  completed. 

The  size  and  appearance  of  the  tigellum  vary  very  much :  sometimes 
it  constitutes  nearly  the  whole  of  the  embnro;  at  other  times  it  is 
at  first  restively  small,  but  is  afterwards  dilated  into  tuberous  root- 
stockB  and  similar  formations. 

Fig.  697. 


CknnmAtion  of  Cowslip    A.  First  staf^e  with  radicle,  tif{eUani,  two  leafy  stalked 
ootyledonai  and  plumnle.    B.  Seooad  stage.    (Am  text.) 

XonocotyledonoiiB  Germination. — The  radide  protrudes  through 
a  coleorhiza  or  root-sheath.  TJsually  it  speedily  ceases  to  grow,  its 
place  and  functions  being  assumed  by  numerous  secondary  or 
<|dventitious  roots,  which  also  burst  through  a  root-sheath,  whence 
Monocotyledons  are  sometimes  called  endorhkcd^  in  oontiadistinc- 
^on  to  IHootyledons,  which  are  exorhiz€d.  Borne  cl  the  latter  plants, 
however,  e.  g.  Troposoliim^  have  a  distinct  root-sheath.  The  single 
cotyledon  is  either  applied  to  the  side  of  the  perisperm  in  the 
^orm  of  a  ahield-like  body,  as  in  most  Grasses,  or  it  is  enclosed  within 
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the  perisperm,  as  in  meet  Palms,  the  Onion,  &e.    In  the  latter  case 
the  plumule  bursts  through  a  slit 
in  the  side  of  the  stalk  of  the  ^^^-  ^^' 

cotyledon,  which  is  protruded 
from  the  perisperm.  Li  Orchids 
and  some  other  plants  the  em- 
bryo is  at  first  a  homogeneous 
body  without  differentiation  of 
parts.  The  corm  of  Arum  Ua- 
licum  is  formed  from  a  dilata- 
tion of  the  tigellum.  In  this 
plant  the  radicle  is  first  pro- 
truded as  a  temporary  tap-root, 
then  the  long  tubular  sheath  of 
the  cotyledon  appears,  the  blade 
of  the  cotyledon  being  of  globu- 
lar form  and  retained  within 
the  perisperm,  as  in  many  other 
Monocotyledons.  At  the  base 
of  the  sheath  of  the  cotyledon 
may  be  seen  the  plumule  and 
the  originally  small  tigellum, 
which  latter  graduaUy  dilates  ^^t^^-^:^^'tt^iXl 

into  a  corm.  ^^  blade  of  Uie  latter  being  endoaed  witiuii 

the  seed. 
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Sect  3.  DSYXLOPMEKT  OF  THE  StEH,  ETC. 

The  general  structure,  arrangement,  and  mode  of  development 
of  the  fibro-vascular  bundles  of  the  stem,  roots,  and  leaves  has  been 
alluded  to  in  previous  paragraphs,  but  in  this  place  it  remains  to 
give  a  general  indication  of  the  mode  of  growth  and  development  of 
the  organs  as  a  whole;  and  for  this  purpose  reference  may  be 
briefly  made  to  the  growing-points^  or  puncta  vegetatianis,  by  means 
of  which  tlie  growth  in  length  is  carried  on. 

Growing-pomta. — In  the  case  of  Phanerogamia  these  growing- 
points  are  situated  at  either  end  of  the  seedling  plant,  that  in  which 
the  direction  of  growth  is  upward  forming  the  stem  (fig.  699),  that 
in  which  the  direction  is  aownward  forming  the  root  (fig.  583. 
p.  536).  The  lateral  branches  originate  in  similar  growing-pointe, 
which  constitute  the  essential  part  of  the  buds. 

The  buds,  in  the  first  instance,  are  little  conical  eminences,  consiBtiiig 
exclusively  of  cellular  tissue,  the  constitaent  ceils  of  whidi  speedily 
range  themselves  in  three  divisions,  which  may  he  termed  central  (plerome), 
cortical  (periblem),  and  epidermal  series  (dermatogen) :  p.  616.  Of  these 
the  centra]  series  form  the  mass  of  the  young  bud ;  its  cells  divide  at  first 
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in  aU  directiODB,  but  subsequeotly  in  linear  eeiiea ;  the  ejndennal  ceUe 
divide    bj  horizontal   and  „     .„, 

panllel   Hubdivisions;    the  Hg.  5W. 

CKlb  of  the  intennediate  coi^  <x 

liol  eeriee,  in  the  first  in- 
tUnce,  grovr  more  after  the 
fwhion  of  tha  central  cells. 
^^Iieii  leaves  or  brsnches 
(vouaenco  to  be  formed,  the 
outer  cells  of  the  central 
masit  divide  bv  longitudinal 
psriitiuDs  at  the  Mme  time 
that  the  central  mass  itsisif 
excbanees  itfl  conical  for  a  , 
cylindrical  form,  ultiniatel,y  ' 
coiutitutiug  the  medulla  o: 
pith. 

The  form  and  jmsition  of 
t  b  «*e  ^wing-points  depend 
materiollj  upon  the  form  of 
tbc  primordial  cells,  and  on 

the  direction  (longitudinal,  ,    ,  ^    .   ^  , 

lBn.ver»e,  or    obTiqu^)   o(  «™'*-'»*''!''''^**"'';'f"-!r^^:  ,„„. 

their  partitions.     Tfie  form  "•«"-*-*-P»"'-;f'i^I[^b°iii^ 
ud  mode  of  bmnching  of 

the  stem  depend  also,  in  a  great  degree,  Upon  the  position  and  arrangement 
«f  the  buds. 

Fig.  800. 


Mwiot-potnt  ol  Chora  (dUr  Buhl):  (.urniioll  «U,  from  irbicn  we  lomefl  o 
whidi  bUer  oalli  (nodal  celli)  tn  dindrd  loMitudinsUi.  m.  Below  thu  ;•  i 
■wl.  celK,)  nOled  «  iotertiodJ  oeU.    Thli  i  followfa  bi -.-vnodjl  «U.. 


■Dielop  t]i«  intrraoau  etum.    Prom  A  the  erll- 
,;  iaB"thBpro*oiSmuoMidi*lonip''T"«™"''"»"»«"- 
arances  well  calculated  to  produce  a  false  impros._ 
e  attributed  the  formation  of  woody  matters  in' 
2(j  2 
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root  and  stem  to  a  progressiTe  downward  growth :  thus  the  new  cells 
were  supposed  to  be  lormed  from  aboTe  downwards.  It  is  not  necessary 
to  state  tne  argument  on  which  this  theory  was  based,  as  it  has  been  com- 
pletely set  aside  by  the  researches  of  Tr^cul  and  others,  which  show  that 
the  new  tissues  are  formed  at  the  spot  where  they  are  seen,  and  are  not 
formed  from  above  downwards.  Both  bark  and  wood  cooperate  in  the 
formation  of  new  wood ;  and  either  of  them  may  form  woody  or  cortical 
tissues  without  the  intervention  of  the  other. 

There  is  reason  to  believe  that  the  growth  of  the  stem  of  trees  takes 
place  principally  in  the  summer  months,  often  in  a  few  weeks,  and  that 
comparatively  little  increase  takes  place  either  in  spring  or  in  autumn, 
though  in  the  latter  period  the  new  growths  are  consolidated* 

Growing-points  of  Cryptogamia. — Cryptogams  frequently,  but 
not  universally,  differ  from  Phanerogams,  in  addition  to  other 
matters  elsewhere  referred  to,  in  the  circumstance  that  their  grow- 
ing-point terminates  in  a  single  apical  cell  (fig.  600),  from  the 
repeated  subdivision  of  which  in  various  directions  the  stems,  roots, 
and  their  subdivisions  originate.  No  such  solitary  apical  cell  is 
met  with  in  Phanerogams,  but  a  group  of  cells,  as  just  alluded  to. 

Sect.  4.   DeYELOPMENT  AJSTD  GsOVirTH  OF  THE  EOOT. 

The  general  structure  of  the  roots  has  been  previously  men- 
tioned (p.  534).  It  is,  however,  requisite  in  this  place  to  allude 
to  the  course  of  development  as  seen  at  the  growing-points,  which 
has  been  made  the  subject  of  investigation  by  Nageli,  Leitgeb, 
Hanstein,  Beinke,  and  others,  especially  Janczewski. 

In  Vascular  Cryptogams  the  growing-point  of  the  root  is  nuirked  by  a 
single  apical  cell,  which  undergoes  division  in  two  different  direcdons, 
obliquely  and  transversely.  The  new  cells  formed  by  oblique  segmenta- 
tion go  to  make  up  the  body  of  the  root,  while  the  cells  formed  by  tnuu- 
verse  division  go  to  constitute  the  root-cap.  The  terminal  cell  of  the  root 
(as  of  the  stem)  in  Lycopods  varies  in  shape ;  sometimes  it  is  a  three- 
sided  pyramid,  sometimes  a  four-sided  pyramid,  sometimes  it  is  lenticular. 
The  direction  of  ramification  of  the  roots  of  these  plants  (also  the  phyllo- 
taxis  of  the  leaves  in  the  case  of  the  stem)  is  intimately  associated  with 
the  form  and  mode  of  subdivision  of  the  apical  cell.  The  elongation  of 
the  body  of  the  root  is  described  by  Nag^eli  and  Leitgeb  as  due  to  succe»' 
sive  divisions  of  the  terminal  cell  in  a  spiral  direction,  the  direction  of  the 
spiral  being  usually  dextrorse  and  homodromous. 

In  Phanerogams  there  is  no  single  apical  cell,  but  a  group  of  oeUs  of 
the  same  relative  age  and  order.  Janczewski  arranges  roots,  considered 
with  reference  to  the  growth  of  their  growing-point,  under  &^e  heads:— 
1.  The  growinff-point  is  made  up  of  four  primarily  independent  tissaes, 
the  root-cap,  the  epiderm,  the  cortex,  and  the  central  cylinder :  the  roots 
of  Hydrodaris  Morsus  Aoms  (Frogbit)  and  of  ]^iMUa  Straiiotes  beloD^ 
to  this  type.  2.  The  growing^point  is  destitute  of  epiderm,  the  outer 
laprer  of  tne  cortex  answering  the  purpose :  the  roots  of  the  Onion  snd 
of  many  other  Monocotyledons  afford  examples  of  this  type.    3.  The 
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fftowing-point  is  also  destitute  of  epidemi;  but  its  place  is  supptied  bj  a 
lajer  produced  from  the  same  tissue  as  that  from  which  the  root-cap  is 
formed:  this  form  is  common  among  Dicotyledons.  4.  The  primary 
tusoes  are  not  distinctly  defined,  except  along  a  transverse  layer  of  growing 
cells  or  generating  layer:  this  type  is  also  met  with  in  Dicotyledons 
(Leguminosn,  Cucurbitacese);  &c.  5.  The  root  consists  of  two  tissues 
odIt,  the  central  cylinder  and  the  cortex,  which  latter  fulfils  the  ofiice  of 
the  root-cap:  to  this  last  type  belong  the  roots  of  Gymnosperms;  the 
root-cap  as  a  primary  tissue  has  no  existence  in  these  plants. 

Boot^«i4>. — The  root-cap  is  formed  from  a  la^er  of  tissue  distinct  from 
that  constituting  the  body  of  the  root  (|>.  630,  fig.  683).  It  grows  (except 
in  the  first  type)  by  means  of  a  generating  layer,  which  is  cast  on  when 
iu  fonctions  are  completed,  with  the  rest  of  tne  dead  portions  of  the  root- 
cap,  as  in  the  second  type,  or  is  immediately  transformed  into  epidermis, 
aft  in  the  third  and  fourth  types.  In  Gymnosperms,  as  has  been  already 
stated,  the  true  root-cap,  as  an  independent  tissue,  does  not  exist  (fifth 
tv'pe).  In  Vascular  Cryptogams  the  new  layers  of  the  root-cap  are  derived 
^m  tile  transverse  division  of  the  solitary  terminal  cell. 

Elddermlfl. — This  is  generally  indistinct,  and  may  be  altogether  want- 
in<r,  as  in  Gymnosperms.  It  is  rarely  independent  (first  type).  It  arises 
from  the  transformation  of  the  outer  cortical  layer  (second  and  fifth  types), 
or  from  the  transformation  of  the  generating  layer,  as  in  the  liiird  ana 
f('urth  types. 

In  the  Vascular  Cryptogams,  the  epidermis  becomes  differentiated  after 
the  central  cylinder,  and  does  not  divide  into  different  layers,  except  in 
the  case  of  some  Ferns. 

The  Prlmarj  Cortex  is  a  tissue  always  distinctly  separated  from  the 
central  cylinder.  It  consists  at  the  apex  of  the  root  of  a  single  layer  made 
up  of  a  very  small  number  of  cells.  Turtber  from  the  apex  the  cells  di- 
vide and  subdivide,  so  that  several  layers  are  there  formed,  generally  in  a 
centripetal  direction. 

The  Outer  Cortex  of  collenchymatous  cells  is  always  a  secondary  forma- 
tion, dther  from  the  outer  portion  of  the  primary  cortex  {Hydrocnta^Y  or 
it  results  from  the  development  of  the  cells  beneath  the  epidermis  m  a 
centrifugal  manner  (Stratiotes), 

In  the  fifth  type  tne  cortex  is  thicker  at  the  apex  than  at  the  peripheiy 
of  the  root ;  in  tne  fourth  type  it  is  derived  from  a  transverse  j? enerating 
zone ;  so  that  the  mode  of  growth  of  these  two  types  is  quite  different  from 
what  it  is  in  the  three  preceding  ones. 

In  Vascular  Cryptogams  the  zone  from  which  the  cortex  originates 


divides  into  two  layers :  the  outer  forms  the  outer  cortex  by  repeated  sub- 
centrifugal  direction,  while  the  inner  layer  consists  of  cells 


division  in  a 


developed  centripetallv.  Intercellular  spaces  only  occur  between  the  cells 
of  the  inner  layer  of  tne  cortex,  and  not  oet ween  those  of  the  outer  layer. 
The  root  of  Vascular  Cryptogams  resembles  that  of  Stratiotes  in  its  two 
cortical  layers. 

TlM  Central  Cylinder  is  composed  in  the  three  first  t3rpes  of  an  axile 
vascular  bundle  and  a  peripheral  zone.  In  the  two  last  types  the  cylinder 
18  homogeneous  at  tne  summit.  The  pertcambium  is  always  early 
distinctlv  defined,  and  consists  generally  of  a  single,  rarely  of  two  or  more 
layers  oi  cella.    While,  then,  the  growth  of  the  root  of  X'ascular  Crypto- 
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gams,  by  means  of  a  single  terminal  cell  only,  is  quite  different  from  that 
of  Phanerogams,  yet  the  subsequent  development  of  the  tissues  takes  place 
in  much  the  same  way. 

Developmeiit  of  Rootlets. — This  takes  place  in  various  manners,  and  hss 
not  yet  been  thoroughly  worked  out.  In  all  cases  the  central  cylinder  of 
the  rootlet  arises  from  the  nericambium  of  the  parent  root.  The  root-cap 
is  derived  from  the  internal  cortical  or  protecting  layer  of  the  parent  root 
In  Gymnosperms  the  pericambium  is  developed  into  the  central  cylinder 
and  the  cortex  of  the  rootlet,  while  in  PapifionacetB  and  Cucurbitace«  it 
forms  the  central  cylinder  only.  In  Vatcmar  Cryptogams  the  terminal  cell 
always  originates  m  the  inner  cortical  layer  of  the  parent  root,  and  the 
pjeridimbium  does  not  play  so  important  a  part  in  the  development  of  the 
tissues  as  in  the  case  of  Flowering  plants. 

Adventitioiui  Roots  usually,  but  not  universally,  occur  in  places  where 
the  atmosphere  is  warm,  stagnant,  and  loaded  with  moisture.  If  a  ring- 
shaped  piece  of  bark  be  taken  from  the  stem,  roots  are  formed  from  abore 
the  wound,  but  not  from  below — a  circumstance  supposed  to  be  due  to 
the  accumulation  of  organizable  matter  above  the  wound ;  but  by  others 
it  is  considered  to  be  owing  to  the  absence  of  oxygen.  Portions  of  willow- 
stems  decorticated  as  above  described  and  grown  in  water  will  produce 
roots  below  the  incision  if  exposed  to  the  light,  and  none  above  the 
water ;  and  bv  covering  the  glass  with  black  paper,  and  thus  preventing 
the  access  of  light,  M.  Bohm  has  succeeded  in  reversing  the  phenomenon. 
The  portions  of  the  stem  in  the  water  have  been  found  by  experiment 
to  give  out  oxygen  under  the  influence  of  light. 

Direction  of  Growth. — The  downward  direction  of  growth  of  the  roots, 
as  contrasted  with  the  generally  upward  growth  of  the  stem  and  its  sub- 
divisions, is  one  of  the  most  remarJiable  phenomena  of  plant-life.  In  the 
case  of  the  root,  one  principal  reason  for  the  downward  growth  is  the 
greater  amount  of  moisture  received  from  that  side.  The  root  grows  bj 
development  just  within  the  apex ;  and  the  multiplication  of  the  cells  in 
that  situation  is  dependent  on  a  free  supply  of  moisture.  The  instances 
of  roots  of  trees  growing  in  the  direction  of  watercourses  or  drains  illas- 
trate  this ;  and  when  plants  are  grown  in  close  glass  cases  their  roots  are 
sometimes  seen  to  rise  above  ground  when  the  confined  atmosphere  is  very 
moist.  We  have  more  than  once  observed  the  roots  of  bulbous  plants, 
growing  in  water  or  in  damp  sand,  coil  themselves  in  spirals.  Other 
assigned  reasons  are  dependent  on  the  ciroumstance  that  the  soft  yieldiog 
extremity  of  the  young  root  penetrates  the  interstices  of  the  soil^  and  u 
pushed  down  by  the  dilatation  and  expansion  of  the  older  portions  above. 
The  downward  direction  of  the  root-haire,  when  present,  would  abo 
facilitate  downward  growth,  and  prevent  the  root  from  being  pushed  up. 

The  action  of  gravitation  has  also  been  considered  to  have  some  influence 
over  the  downward  growth  by  causiug  the  sap  to  accumulate  in  the  lower 
parts  of  the  plant,  and  also  the  varying  degrees  of  turgescence  manifested 
oy  the  tissues  in  the  diflerent  regions  of  the  stem  and  of  the  root  respec- 
tively, pith,  rind,  &c.,  such  tension  being  directly  dependent  on  the  acti- 
vity of  the  nutritive  processes  in  the  growing  tissues.  The  direction  of 
growth  depends,  according  to  Kraus,  on  the  circumstance  whether  this 
turgescence  be  uniform  or  unequal  or  more  in  one  place  than  another.  The 
combined  action  of  the  causes  just  mentioned  is  supposed  to  aecoont  for 
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the  Taiyinff  direction  and  curvature  of  the  organs  of  plants ;  but  this  ex- 
planation does  not  appear  to  be  wholly  satisfactory.  The  subject  will  be 
further  considered  in  subsequent  paragraphs  devoted  to  the  effects  of 
graidtj,  geotropiamy  &c. 

Sect.  5.  DXTELOFMEI^T  XSTD  GbOWTH  OY  LSAF-OBaANS. 

Fhyllomes  (and  all  their  metamorphosed  forms,  such  as  the  parts 
of  the  flowers  &c.)  orig;inate  laterally  just  beneath  the  absolute  apex 
of  the  stem,  by  cell-division  of  a  single  cell  in  Vascular  Cryptogams, 
of  a  group  of  cells  in  Phanerogams — which  results  in  the  aeflection 
to  one  side  of  a  small  group  of  cells  forming  a  conical  papilla,  or 
the  formation  of  an  annular  collar  (sheathing-leaves),  whicn  deve- 
lops into  an  independent  lateral  organ.  These  leaves  arise  incU- 
finitely,  or  acropetally,  the  topmost  being  the  youngest,  in  order 
regulated  by  the  laws  of  Phyllotaxy.  The  papillse  from  which 
leaves  originate  are  at  first  wholly  cellular,  consisting  of  periblem 
covered  by  a  layer  of  dermatogen  cells ;  after  a  time  elongated  cells 
are  formed  in  the  centre ;  and  these  are  followed  by  spiral  vessels 
formed  in  a  direction  from  the  base  upwards.  As  a  rule,  the  first 
part  of  the  leaf  formed  is  its  point,  which  is  gradually  pushed  out 
by  development  at  the  point  of  junction  of  stem  and  leaf.  The 
apical  growth  of  the  leaf  is  generally  soon  arrested,  but  interstitial 
multiplication  also  occurs  in  different  parts  of  the  leaf  (especially 
in  stalked  leaves). 

The  pushing-out  of  the  leaf  by  develonment  at  its  base  ma^  be  well 
observed  in  the  leaves  of  Hyacinth-bulbs  aeveloped  in  early  spring.  Not 
only  are  the  tissues  (epidermis,  &c.)  younger  below,  but  the  relative 
growth  of  the  part^  may  be  demonstrated  by  making  a  series  of  marks  at 
equal  distances  up  the  leaf  and  watching  the  proportionate  extent  to 
^nich  they  become  separated.  The  same  process  gives  very  instructive 
results  when  applied  to  the  measurement  of  the  growth  of  the  roots  of  the 
same  plants,  and  is  easily  carried  out  with  bulbs  grown  in  glasses  of  water. 

The  basilar  or  basipeUU  mode  of  leaf-formation  above  aescribed  is  that 
which  is  most  frequent ;  but  in  some  instances  the  apex  of  the  leaf,  instead 
of  early  losing  its  power  of  growth,  continues  to  grow  and  develop  new 
cells  in  that  situation,  the  cells  at  the  base  of  the  leaf,  in  these  cases,  being 
the  oldest.    This  mode  of  leaf-formation  is  called  banfugal. 

These  modes  of  leaf-formation  may  be  well  seen  in  the  case  of  lobed  or 
compound  leaves.  Thus  in  the  Rose  or  Passion-flower  the  terminal  leaflet 
19  first  formed,  and  the  lateral  leaflets  afterwards  from  above  downwards, 
according  to  the  basipetal  plan.  In  Mahonia  and  in  many  Leguminoase, 
such  as  the  Ghirden  Pea,  the  lower  leaflets  are  formed  first  and  the  others 
subsequently,  according  to  the  basifugal  plan.  The  lobes  or  notches  of 
Bunple  leaves  are  in  like  manner  formed  in  one  or  the  other  of  the  methods 
ju3t  alluded  to.  The  stipules  are  often  developed  before  the  leaf-blade ; 
when  otherwise,  they  are  probably  lateral  developments  from  the  petiole 
rather  than  separate  organs. 
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Sometimes  the  two  modes  of  leaf-f  onnation  abore  described  coexist  m 
the  same  leaf ;  that  is  to  say,  the  lobes  of  a  leaf  maj  be  formed  from  above 
downwards,  while  the  nerve  passing  into  each  of  them  gives  off  its  branches 
from  below  upwards. 

The  opposition,  alternation,  or  spiral  arrangement  of  organs 
depends  on  the  period  at  which  they  are  developed :  thus,  if  two 
or  more  leaf -organs  be  developed  at  the  same  tune  and  in  equal 
degree,  a  whorl  is  produced ;  if  the  development  be  suecesgive^  not 
simuUa'Maus,  the  organs  are  then  arranged  alternately  or  spiraUv. 

BeTelopment  of  the  Parts  of  the  Flower. — ^The  evolution  of  the 
parts  of  the  flower  takes  place  after  the  same  general  fashion  as 
that  just  mentioned  in  the  case  of  leaf-organs  in  general.  The 
causes  producing  irregularity  and  deviations  from  the  typical  floral 
symmetry  have  been  already  alluded  to  (p.  91).  It  should,  how- 
ever, be  remembered  that  those  irregularities  are  often  congenital, 
I.  e,  exist  from  the  very  beginning ;  in  other  cases,  the  symmetry  is 
perfect  at  first,  but  becomes  subsequently  irregular.  The  con- 
genital arrangement  not  only  shows  the  earliest  stage  of  the  indi- 
vidual flower,  but  it  gives  an  indication  of  the  ancestral  condition. 
A  flower  becoming  irregular  in  course  of  growth,  suggests  that  the 
primitive  type  from  which  the  flower  in  question  has  descended 
was  regular,  the  irregularity  accruing  from  adaptation  to  particular 
conditions  during  growth  or  to  special  requirements. 

Calyx. — If  the  sepals  are  indefinite  thev  originate  spirally ;  if  definite 
they  are  either  equal  or  unequal  in  numoer.  If  equal,  the  members  of 
each  pair  originate  simultaneously,  the  lowermost  pair  first  In  a 
pentamerouB  calyx,  developed  on  the  |  plan,  it  is  assumed  by  Pajer 
that  one  part  of  an  origiually  quaternary  flower  is  divided  into  two.  Thus, 
if  there  are  two  bracteoles,  as  previously  explained,  and  two  pairs  of  de- 
cussating sepals,  the  anterior  sepal  of  the  lower  pair  (see  p.  89)  becomes 
divided,  and  one  of  the  two  subdivisions  is  lower  than  the  undivided 
posterior  sepal.  This  lowest  sepal  is  No.  1;  the  other  subdivision 
1$  placed  a  little  higher  than  the  posterior  sepal,  and  is  No.  8: 
the  posterior  undivided  sepal  of  the  lowermost  pair  is  thus  placed 
between  1  and  3,  and  is  therefore  No.  2.  The  two  sepals  of  the  upper 
pair  are  4  and  5  respectively.  The  sepals  I,  2,  3  belong  tJius  to  the 
lower  series,  4  and  6  to  an  upper  one.  If,  however,  there  are  either  no 
bracteoles  or  two  pairs  of  bracteoles  and  an  originally  quatemaxy  calvx, 
it  is  the  upper  pair  of  sepals  which  is  antero-postenor,  as  in  ^pi- 
lobium.  The  anterior  sepal  divides  as  before,  to  lorm  Nos.  3  and  5,  the 
posterior  sepal  bein^  No.  4,  and  the  two  lower  lateral  sepals  1  and  2  re- 
spectively. There  is,  however,  no  trace  of  splitting,  and  it  must  be 
assumed  to  be  hypothetical  The  development  of  the  |  arrangement 
from  the  formation  of  intemodes  between  primitively  decussate  ana  oppo- 
site leaves,  as  explained  by  Henslow,  seems  the  more  probable  explana- 
tion (p.  48). 
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Corotta. — ^The  petals  usually  originate  afiter  the  sepals  in  successiTe 
sfoiesy  or,  much  more  commonlT,  in  simultaneous  whorls.  In  the  case  of 
gkmosepalous  or  gamopetalous  Howers,  the  sepaline  or  petaline  tubercles 
usually  originate  free  and  from  above  downwards,  being  afterwards  raised 
from  below  oy  the  growth  of  the  tube.  The  tube  then,  in  such  cases,  does  not 
consist  of  coherent  parts,  as  is  sometimes  stated,  but  of  parts  partially 
arrested  in  their  development,  and  consequentlv  not  separated.  In  other 
cases,  especially  in  the  carpellary  whorl,  the  tubular  portion  is  thrust  out 
from  the  axis  prior  to  the  formation  of  tubercles  on  its  fr«e  edge. 

Siament, — ^l^ese  originate  either  spirally  or  in  whorls,  usually  from 
below  upwards,  or  from  circumference  to  centre;  if  verticillato  they 
always  appear  simultaneously.  According  to  Payer,  the  stamens  split 
like  the  sepals  in  the  |  arrangement  \  and  uiis  certainly  occurs  in  the  case 
of  some  polyandrous  flowers,  e.g.  Polygonum.  Where  there  are  two 
whorlsy  generally  the  outer,  but  at  other  times  the  inner,  is  developed 
first. 

Compound  stamens,  or  phalanges  of  stamens,  originate  as  simple  tuber- 
cles, from  the  sides  of  which  spring  the  secondary  staminal  tubercles 
from  above  downwards,  as  in  Mallows.  Sometimes  one  or  more  lobes  or 
(staminodes)  are  antherless  and  petaloid :  thus  in  some  cases  we  have  an 
arrangement  like  that  of  an  imparipinnate  leaf,  the  terminal  lobe  peta- 
loid, the  lateral  ones  antheriferous.  The  whole  course  of  development 
in  such  cases  precisely  resembles  that  which  takes  place  in  the  compoimd 
leaves  of  some  Passion-flowers  or  of  the  Rose. 

Gyntecium. — ^The  carpels  are  developed  after  the  stamens  from  small 
tubercles,  at  first  free,  out  afterwards  (in  syncarpous  ovaries)  becoming 
coherent.  The  original  tubercle  is  more  or  less  spheroid ;  but  as  growth 
jroes  on,  the  marginal  portions  ^ow  more  rapidly  than  the  central  por- 
tion, as  in  the  case  of  a  conduplicate  leaf,  so  tnat  a  groove  is  formed.  In 
due  time  the  margins  unite,  and  thus  the  cavity  of  the  ovary  of  an  apo- 
cwpous  pistil  is  formed ;  the  ovary  in  a  syncarpous  pistil  is  formed  by  the 
blending  of  the  margins  of  adjacent  carpels.  The  styles  are  formed  from 
the  lengthening  of  the  apex  of  the  ovary  from  below  upwards.  In  the 
case  of  inferior  ovaries  the  thalamus j  instead  of  remaining  more  or  less 
convex,  oecomes  concave  and  cup-shaped  by  the  greater  proportionate 
growth  at  its  circumference.  The  carpels  originating  from  tnis  receptacle 
become  thus  more  or  less  completely  concealed  within,  toid  sometimes 
adherent  to  it.  In  some  svncarpous  pistils,  like  the  Primrose,  the  carpels 
ori^nate  as  a  ring  or  shallow  tube,  from  whose  free  border  the  tubercles, 
which  elongate  into  the  styles  and  upper  part  of  the  carpels,  are  de- 
Teloped. 

Ovules, — The  ovule  arises  from  the  placenta  as  a  cellular  papilla,  the 
nucleus  (fig.  601).  Around  the  base  of  this  is  formed  a  ring,  which  gra- 
dually lengthens  from  the  base  upward  into  a  tubular  sheath  or  coat  of 
the  ovule,  6.  The  succeeding  coats,  which  vary  in  number  in  different 
plants,  are  formed  in  like  manner,  are  wholly  cellular  in  the  first  instance, 
and  sometimes  permanently.  They  leave  at  the  apex  an  unclosed  portion 
or  bole,  the  micropyle.  During  tiie  growth  of  the  coats  of  the  ovule  a 
change  in  direction  usually  occurs,  so  that  the  ovule  becomes  inverted. 

The  true  nature  of  the  ovule  and  its  origin  are  still  matters  of  contro- 
versy.   Hofmeister  considered  that  they  arise  like  hairs  from  the  epi- 
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dermis,  and  are  therefore  to  be  regarded  as  trichomes,  while  others  con- 
sider them  to  originate  beneath  the  epidermal  layer  like  phjllomes. 
Warming^s  view  is  that  the  ovules  originate  in  the  periblem,  tne  derma- 
Pig- «>1. 

a  It  e  d 

Derelopment  of  OTole :  a,  primarj  nucIeiiB,  iuTeated  at  h  by  the  primime,  and  this  bj  tfa« 
■eoondine  (c)  ;  tkd  the  orale  has  beoome  anatropom. 

togen  furnishing  the  coats.  The  embiyo-sac  is  formed  by  a  cell  of  the 
first  layer  of  periblem.  The  ovules  thus  originate  in  the  same  layer  of 
tissues  as  do  true  buds.  The  coats  of  the  oyule  are  probably  foliar,  the 
nucleus  axial. 

The  structure  and  mode  of  development  of  the  pollen  and  of  the  ovules 
will  be  further  alluded  to  under  the  head  of  Physiology  of  the  Bepro- 
ductive  Organs. 

Bndfl. — These  are  the  growing  point-s  enveloped  by  the  lateral 
growths,  which,  growing  faster,  eventually  cover  over  the  point 
from  which  they  sprung.  Like  hairs  and  leaves,  they  are  exo- 
genous, or  formed  by  lateral  outgrowths  from  a  superficial  cell  or 
mass  of  cellular  tissue  (periblem  and  dermatogen),  and  are  not, 
like  roots,  endogenous^  or  formed  in  the  interior  of  the  tissues. 

Adventitious  buds,  however,  are  formed,  like  roots,  in  an  endo- 
genous manner,  as  also  are  the  shoots  of  EquisetaoesD.  It  is  re- 
quisite, however,  not  to  confound  adventitious  buds  with  latent  buds, 
which  are  truly  exogenous  and  normal,  save  that  their  development 
is  temporarily  or  permanently  arrested. 

According  to  Warming,  the  bud  and  the  leaf  in  whose  axil  it  is 
placed  are  organically  united,  and  may  be  tAken  as  parts  of  one 
whole,  the  two  parts  being  developed  to  an  equal  degree,  or  dif- 
ferently, according  to  the  functions  they  have  to  fulfil ;  one  may 
exist  without  the  other,  or  both  may  be  present.  According  to  this 
view,  the  parent  leaf  is  not  a  primary  stage  belonging  to  the  stem, 
and  the  axillary  bud  a  secondary  phase  of  growth ;  but  the  parent 
leaf  is  really  the  first  leaf  of  the  bud  itself,  and  of  the  same  stage 
or  degree  of  growth  as  it. 

Shoots  are  only  the  developed  buds.  Their  mode  of  ramification 
has  been  before  alluded  to  (p.  38).  The  only  point  that  need  be 
here  alluded  to  is  the  rami^ficatioyi  by  partition,  in  which  the  cells 
of  the  growing-point  actually  divide  into  two  or  more  groups  in  a 
dichotomous  or  polytomous  manner,  as  in  Hydrocharis^  the  tendrib 
of  Vitis  vulpina,  the  scorpioid  cymes  of  some  BoraginacesDy  Aflde- 
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piadaceiB,  &c.  ( Warmiog) ;  but  the  distinction  between  lateral  bud 
formation  and  terminal  dicbotomj  is  bridged  over  by  numerous  in- 
termediate conditions. 

From  what  has  been  said  on  the  morphology,  structure,  and 
mode  of  deTelopment  of  the  several  organs,  it  will  be  seen  that  all 
the  organs  of  Flowering  plants  may  be  reduced  to  two  types — 
that  of  the  axis  {cauhme)  and  that  of  the  leaf  (phyllome)^  with  the 
hair-like  projection  from  the  epidermis  (trichome).  But  no  arbitrary 
line,  applicable  in  all  cases,  can  be  drawn  between  these,  as  they 
all  merge  one  into  the  other,  or  are  connected  by  intermediate  gra- 
dations. The  distinguishing  character  between  stem  and  leaf  least 
liable  to  exception  consists  in  the  circumstance  that  a  bud  may  be 
and  is  constantly  developed  at  the  apex  of  the  stem,  while  it  next 
to  neyer  is  at  the  extremity  of  the  bbde  of  the  leaf,  though  it  may 
be  at  the  end  of  the  petiole. 


CHAFTER  IV. 

GENERAL  PHENOMENA  CONNEGTED  WITH  GROWTH. 

In  preceding  Sections  a  ^neral  view  has  been  taken  of  the  anatomical 
appearances  and  physiological  phenomena  presented  by  plants  during  their 
growth  and  development.  It  will  have  been  seen  that  the  physiological 
processes  alluded  to  are  most  intimately  associated  with,  and  dependent 
on,  chemical  and  physical  changes,  for  a  full  account  of  which  reference 
must  be  made  to  chemical  and  physiciif  text-books.  W^hile  the  ordinary 
student  has,  in  most  cases,  abundant  facilities  for  studying  morphology, 
minuto  anatomy,  and  systematic  botany,  he  has  rarely  the  opportunity  of 
studying  for  himself,  otherwise  than  in  books,  the  details  relating  to  the 
chemistry  and  physics  of  vegetation  ;  and  in  not  one  of  our  schools  and 
colleges  is  any  adequate  provision  yet  afforded  for  this  purpose.  The  account 
whicn  can  oe  civen  here  must  necessarily  be  of  a  very  meagre  character. 
The  student  who  wishes  to  pursue  the  subject  further  should  read  the 
third  and  fourth  chapters  of  the  thiid  Book  of  the  English  edition  of 
Sachs's '  Text-book.' 

Effect  of  External  Agencies  an  Growth,  Sfc, 

A  plant  as  a  living  organism,  existing,  feeding,  breathing,  grow- 
ing, and  reproducing  itself,  is  necessarily  dependent  on  many  con- 
ditions, such  as  exposure  to  the  atmosphere,  access  to  light,  to 
food,  &c.  It  is  under  the  influence  of  light,  of  heat,  of  electrical 
currents,  of  gravitation,  &c.  And  these  agencies  do  not  exert  their 
influence  singly,  but  in  combination.  The  effect  of  the  one  is 
modified  by  that  of  the  others.    The  living  plant  is  never  entirely 
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in  equilibrium  throughout  its  whole  structure.  Theaction  of  one  force 
producing  results  in  one  direction  is  compensated  for  by  the  actioD 
of  other  forces  producing  results  in  other  directions.  The  general 
result  is  a  series  of  compromises  of  a  character  necessarilj  yarviDg 
according  to  the  relative  intensity  of  this  or  that  action.  To  dis- 
entangle these  mixed  results,  and  to  ascertain  what  are  the  peculiar 
effects  produced  by  each  agency,  first  separately,  and  then  in  con- 
juction  with  others,  is  the  task  of  the  physicist,  provided  with  appa- 
ratus and  instruments  of  precision. 

Eflbot  of  Heat. — Vegetable  life  is  not  carried  on  below  the  fipeezing-point 
of  water,  nor,  as  a  rule,  above  6(P  C,  although  some  seeds  and  the  minute 
germs  of  Cryptogams  appear  to  be  capable  of  retaining  their  Titalitr 
under  much  more  elevated  temperatures.    Each  plant,  each  part  of  a 
plant,  and  each  function  performed  by  it,  is  carried  on  best  and  most  fully 
at  a  certain  decree  of  temperature];  it  is  checked  by  excess  in  either  direc- 
tion.   The  limits  within  which  healthy  action  and  growth  take  place  are 
necessarily  very  different  in  different  cases.     The  germination  of  seeds,  the 
production  of  flowers,  the  ripening  of  fruits,  all  the  processes  of  life  de- 
pend upon  the  degree  of  temperature.    The  successful  cultivation  of  plants 
in  the  neld,  in  the  garden,  in  the  hothouse  depends  on  the  knowled^  and 
practical  application  of  this  fact  and  of  the  cognate  ones  derived  from  a 
Knowledge  of  the  effects  of  other  agencies.    Attempts  have  been  made 
to  observe  the  temperature  required  for  the  germination  of  seeds,  the  pro- 
duction of  leaves,  flowers,  &c.    Thus,  for  the  ripening  of  Wheat,  a  certain 
aggregate  amount  of  heat  is  rej^uired  n'om  the  period  of  germination  to  that 
of  ripening.    Other  things  being  e<jual  and  within  certain  limits,  it  is  im- 
material whether  that  heat  be  received  in  a  shorter  or  longer  period.    In 
southern  countries  the  crops  ripen  more  quickly  than  in  England,  in  Eng- 
land than  in  Scotland ;  but  the  aggregate  amount  of  heat  required  is  about 
the  same  in  all  cases,  though  difmsed  over  a  longer  period  in  the  one  case 
than  the  other.     Vegetation  in  the  extreme  north  is  often  effected  with 
great  rapidity ;  for,  although  the  summer  is  short,  the  amount  of  heat  is 
great,  and  the  duration  of  exposure  to  li^ht,  during  the  growing  neriod, 
lonfrer  than  in  more  southerly  latitudes ;  nence  it  is  possible  to  cultivate 
in  the  open  air  in  the  north  of  Norway  Australian  annual  plants. 

The  lowest  temperature  at  which  the  grains  of  chlorophyll  torn  frreeo, 
according  to  Sachs,  is,  for  French  Beans  and  Maize  between  6^  and  16°  C. ; 
for  JSrassica  Napus  above  6®  C. ;  for  Pimts  pinea  between  7®  and  11°  C. 
The  highest  temperature  at  which  leaves  already  formed  and  still  veUow 
turn  green  was,  according  to  the  same  observer,  above  33^  C.  for  tbe 
first-named  plants,  and  above  36^  C.  in  the  case  of  the  Onion. 

Exhalation  of  oxygen  and  assimilation  have  been  observed  by  Boos- 
singault,  in  the  case  of  the  Larch,  at  temperatures  only  juat  above  the 
freezing-point.  What  amount  of  heat  puts  a  stop  to  the  process  has  not 
been  ascertained.  True  respiration  or  elimination  of  carbonic  dioxide 
takes  place,  according  to  Deh^rain,  Wolkoff,  and  Mayer,  at  a  temperature 
considerably  below  that  which  is  requisite  for  growtii,  being  canied  on 
even  below  the  freezing-point,  and  being  manifested  in  direct  proportioo 
to  the  increase  of  temperature  until  a  certain  maximum  is  ootained,  a 
maximum  exceeding  that  whereat  growth  becomes  arrested. 
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of  Light. — ^The  effect  of  li^ht  on  chlorophyll  and  the  deoxida- 
tion  'vrhlch  takes  place  when  that  substance  is  exposed  to  its  a^ncy  have 
been  already  mentioned.  But  exposure  to  light  is  only  required  for  a 
certain  time  to  allow  of  the  storing  up  of  reserve  materials.  This  latter 
can  be  utilized  and  growth  take  place  in  the  absence  of  light.  White 
light  is  composed  of  various  rays  differing,  not  only  in  colour,  but  also  in 
their  influence  on  plants.  Most  observers,  as  Daubeny,  Hunt,  Draper,  and 
Sacha,  have  considered  the  luminous  (yellow^  rays  of  low  refrangibility  to 
be  the  most  potent  in  affecting  the  decomposition  of  carbonic  dioxide ;  but 
Timiriazeff  and  Miiller  assert,  from  recent  experiments  with  the  spectro- 
scope, that  the  maximum  of  assimilation  coincides  with  the  maximum  of 
hea^;,  not  with  that  of  luminous  intensity.  Carbonic  dioxide  is  decomposed  by 
the  rays  which  are  absorbed  by  the  chlorophyll,  and  of  these  the  most 
potent  are  those  which  have  the  greatest  heating  power.  This  conclusion 
needs  further  corroboration  before  it  can  displace  the  generally  accepted 
view. 

The  highly  refrangible  rays,  blue,  violet,  &c.,  *'  influence  the  rapidity  of 
growth,  uter  the  movements  of  the  protoplasm,  compel  swarm-spores  to 
adopt  a  definite  direction  to  their  motion,  and  change  the  tension  of  the 
tissues  of  the  motile  organs"  (Sachs,  Baranetzky,  Pfeffer,  Prillieux). 
The  degree  of  effect  produced  bj  light  naturally  varies,  not  only  with  its 
qualit7,  but  iJso  with  its  intensity.  Diffused  fight,  which  may  be  suffi- 
cient jor  the  production  of  chlorophyll,  is  powerless  to  induce  the  further 
changes  which  result  in  the  formation  of  starch.  In  the  case  of  those 
seeds  (^Convoivtdus,  Conifers)  in  which  the  embryo,  though  still  enclosed 
within  the  opaque  coverings  of  the  seed,  is  found  to  be  green,  the  chlo- 
rophyll must  be  formed  independently  of  light  from  the  reserve  substances 
in  the  perisperm.  Differences  of  this  character  may  also  be  produced  by 
the  Taxying  degree  to  which  light  penetrates  different  tissues,  and  the 
different  modifications  to  which  it  is  subjected  in  its  passage  through 
tissues  of  different  densities. 

Eflteot  of  Uffht,  or  of  its  atMsnoe,  on  Growth. — Cell-division  may  take 
place  either  in  darkness  or  in  light,  provided  the  requisite  materials  be  at 
Wd.  In  Algas,  like  Soirogyraf  which  have  little  reserve  material  assi- 
milation goes  on  in  tJie  daytime,  cell-division  at  night.  Hence,  as 
Sachs  remarkR,  in  the  higher  plants  assimilation  and  growth  ma^  go  on  at 
the  same  time  in  different  parts  of  the  same  ozganisnif  while  in  the 
simpler  organism,  where  the  same  cell  has  to  perform  both  functions,  it 
assimilates  by  day  and  di  vides  by  night.  When  a  growing  shoot  is  grown 
in  darkness,  as  in  the  case  of  potatoes  sprouting  in  a  dark  cellar,  not  only 
ifl  a  blanched  condition  observable,  but  also  a  great  elongation.  This  is 
also  seen  in  badly  lifi^hted  hot-houses,  or  in  dark  comers  of  gardens,  thick 
shmbberies,  &c,  where  the  plants  become  '^  drawn,"  as  the  gardeners 
say.  When  such  shoots  are  exposed  to  light  the  extension  of  the  shoot 
is  arrested  and  growth  in  lengtn  is  retarded,  and,  as  Sachs  has  shown,  a 
I^odical  oscillation  in  the  rapidity  of  growth  is  caused  by  the  altema-. 
tion  of  day  and  night,  when  the  temperature  is  nearly  constant.  The 
growing  intemode  exhibits  a  maximum  of  growth  about  sunrise,  which 
decreases  till  about  midday,  when  it  reaches  its  minimum.  Contraiy  to 
what  happens  in  the  stem,  the  leaves  are  arrested  in  their  growth  in 
obacniitj.    Etiolated  leaves  cease  to  grow  at  the  point  where,  under 
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normal  circumstaBceA,  they  would  have  begun  to  feei  the  efiect  of  the 
light — that  is,  at  the  moment  of  their  emeigenee  from  the  bud.  When 
the  leaf  hae  to  shift  for  itself,  starch  is  formed  in  those  cella  exposed  to 
the  light  first,  and  all  subsequent  growth  depends  upon  the  formatioii  of 
that  starch.  In  darkness  no  starch  is  formed,  and  nence,  according  to 
Kraus,  the  arrested  development  of  the  growUi  of  the  leaf.  Bat  &q- 
wenhoff  has  shown  that  the  young  leaves  cannot  get  all  their  nutrimeDt 
for  themselves,  but  must  derive  some  from  the  reserve  stores ;  if,  bj 
means  of  incisions  of  the  petiole,  this  be  prevented,  the  growt-h  of  tli'e 
leaf  is  arrested ;  and  he  concludes  that  the  explanation  of  the  arrest  d 
growth  in  leaves  in  obscurity  cannot  be  yet  given. 

The  lengthening  of  the  stem  in  darkness,  according  to  the  same  obs^ver, 
depends  upon  the  differences  of  tension  between  the  active  pth-cells 
and  those  of  the  fundamental  tissue  generally  and  the  passiTe 
cells  of  the  wood  and  bark.  In  normal  stems  the  pith  has  always 
a  tendency  to  elongate,  a  tendencv  checked  bv  the  resistance  of  tiie 
peripheral  layers.  In  darkness,  on  the  other  hand,  as  ascertained  also  bj 
KauwenhofF,  the  bark-cells  and  wood -cells  either  are  not  formed  or 
do  not  thicken,  and  hence  do  not  offer  any  resbtance  to  the  growth  of 
the  pith-cells. 

Heinke  has  drawn  attention  to  the  fact  that  in  previous  experiments 
on  plants  grown  in  obscurity  sufficient  attention  has  not  been  paid  to  the 
concomitant  effect  of  moisture.  He  therefore  first  studied  the  infioenoe 
of  moisture  on  the  growth  of  Hdianthus  atmuus,  taking  two  seedlings  and 
placing  one  in  the  open  air,  the  other  under  a  receiver  in  fully  saturate 
iiir.  It  was  found  tnat  in  the  saturated  air  the  growth  was  quicker  tiisn 
in  the  ordinary  air,  yet  it  fell  short  of  the  acceleration  which  etiolated 
plants  (growing  in  the  dark)  had  shown.  Under  the  glass  vessel  in  li^ht 
the  stems  seemed  merely  to  reach  their  normal  size  sooner  than  in  an 
air ;  whereas  the  darkening  caused  a  quite  anomalous  extension  of  the 
length.  This  darkening  and  greater  moisture  have  both  an  aooelentiog 
action  on  the  intensity  of  growth. 

HellotroplBm. — ^Plants  exposed  to  the  light  bend  towards  the  quarter 
whence  it  comes,  and  become  more  or  less  concave  towards  that  side. 
The  side  furthest  from  the  light,  or,  in  other  words,  the  darkest  side, 
grows  faster  than  the  illuminated  side,  in  accordance  with  what  has  been 
just  said.  The  illuminated  side  thus  resists  the  growth  of  the  other  side, 
and  a  curvature  is  formed,  the  concavity  towards  the  light,  the  convexitr 
in  the  opposite  direction.  This  curvature  is  called  heliotropism,  and  is 
manifested  by  plants  which  have  no  chlorophyll,  as  well  as  bv  those  which 
possess  that  substance.  Rays  of  high  refrangibilitv,  such  as  blue  or  violet, 
cause  heliotropism  by  retardation  of  growth.  lleliotropism  of  the  kind 
mentioned  is  called  positive  to  distinguish  it  from  negative  heUotropism,  in 
which  the  exact  opposite  occurs,  the  illuminated  stems  becoming  coDTex, 
as  also  in  the  case  of  root-hairs,  some  tendrils,  the  roots  of  ChlorophyivMy 
&c.  The  kind  and  degree  of  curvature  are  shown  by  Wolkoff  to  vaiy 
according  to  the  part  of  the  root  affected.  The  same  observer  also  sho^ 
that  in  some  instances  of  negatively  heliotropic  roots,  the  transluoeDcv  of 
the  tissues  is  such  that  the  rays  of  light  may  be  refracted,  so  as  to  pro- 
duce a  more  intense  illumination  on  the  side  furthest  from  the  light,  the 
concavity  of  which  surface  would  therefore  be  a  true  instance  of  positive 
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hefiotropism,  in  spite  of  appearing  to  be  due  to  negative  beliotropism. 
Bat  little  is  yet  known  as  to  these  points ;  but  it  is  surmised  that  there 
are  in  plants  two  sets  of  cellS;  some  positively  heliotropic,  retarded  in 
their  growth  by  light,  others  negatively  heliotropic,  whose  growth  is 
promoted  by  exposure  to  the  light.  Organs  in  which  growth  is  finished 
no  longer  manifest  these  heliotropic  curvatures,  of  which  the  greatest 
degree  occurs  in  the  regions  where  growth  is  going  on  most  actively. 
The  curves  are  not  produced  immediately  on  exposure  to  light,  but  occur 
gradually,  and  disappear'  gradually,  even  after  tne  exposure  ceases.  The 
pi'^dtion  and  degree  of  curvature  necessarily  vary,  according  to  the  angle 
of  incidence  of  the  light,  and  are  proportionate  to  the  intensity  of  the 
light.  Negative  beliotropism  occurs  m  the  case  of  the  Plasmodium  or 
naked  masses  of  protoplasm  of  JEthalium  (Myxomycetes).  Exposure  to 
li^ht  causes,  according  to  Baranetzky,  a  thinning  of  the  plasmodium, 
tnd  a  corresponding  thickening  or  aggregation  in  the  parts  to  which  the 
light  has  no  access.  As  in  other  plants,  the  most  energetic  effect  is  pro- 
duced by  the  blue  refrangible  rays,  the  heliotropic  effect  being  not  obser- 
vable in  the  luminous  rays.  In  darkness,  the  mass  of  protoplasm  ascends, 
agiinst  gravity,  the  surmce  of  a  wall  or  other  support,  but  its  progress 
Qpwarda  is  arrested  by  exposure  to  light. 

Aetion  of  Electiioiiy. — The  mechanical  and  chemical  processes  which 
fro  on  in  the  cells  of  plants  are  necessarily  connected  with  disturbances 
of  electrical  equilibrium.  Ranke,  Burdon  Sanderson,  Velten  and  others 
hare  demonstrated  the  fact  that  there  exists  in  plants  an  electric  current 
6uch  as  Du  Bois  Keymond  has  demonstrated  in  the  muscles  and  nerves  of 
animals,  but  in  an  inverse  direction.  While  in  animal  tissues  the  current 
is  directed  from  the  longitudinal  to  the  transverse  section  of  the  muscles, 
the  direction  of  the  current  in  vegetable  fibre  is  from  the  transverse  to 
the  longitudinal  direction.  The  currents  are  made  visible  by  the  medium 
cf  a  galvanometer,  the  epidermis,  a  bad  conductor  of  electricity,  having 
been  removed  from  the  nagment  of  tissue  examined.  The  electric  cur- 
rent in  plants,  says  Velten,  nas  no  relation  to  the  degree  of  concentration 
of  the  sap  or  the  state  of  aggregation  of  the  protoplasm. 

According  to  Ranke,  the  molecules  of  a  plant  are  embedded  in  a  con- 
necting substance,  and  have,  according  to  the  direction  of  the  electric 
cuirent,  two  positive  poles  and  an  equatorial  ne^tive  zone,  just  the 
reverse  of  what  obtains  in  animal  molecules  according  to  Du  !Ek)is  Key- 
mond. 

Plants  seem  to  be  regulators  of  electricity,  and  restore  the  balance 
between  the  disturbances  of  the  electric  tension  in  the  case  of  the  earth 
and  air  respectively.  Bridgeman  has  shown  (Gardeners'  Chronicle,  187tS, 
p.  142)  that  healtny  and  luxuriant  growth  takes  place  round  the  nega- 
tive pole  of  a  galvanic  battery,  while  at  the  positive  pole  the  direction  of 
the  radicles  is  inverted,  and  they  are  thrust  uptpards,  grow  feebly,  and 
become  the  prey  to  mildew. 

Velten's  recent  researches  on  the  influence  of  electrical  currents  on 
protoplasm  show  that  constant  and  inductive  galvanic  currents  exercise 
the  same  effects  on  tibe  protoplasm  and  its  movements.  Very  weak  elec- 
trical currents  in  parts  of  plants  which  offer  great  resistance  cause  an 
acceleration  of  the  movements  of  the  protoplasm,  which  may  be  ascribed 
to  the  higher  temperature  brought  about  by  the  stream.    A  very  weak 
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current  acting  for  a  long  time  may  result  in  retarding  the  movement  of 
the  protoplasm,  and  finaJiyy  under  certain  conditions,  in  arresting  it  alti)- 
gether.     Weak  currents  always  produce  a  retardation  of  the  {Plasma- 
movement  ;  and  continued  for  a  longer  period  still,  motion  may  be  sus- 
pended.    After  the  movement  of  the  protoplasm  has  been  rendered 
slower,  it  will  again  in  a  short  time  recover  its  normal  degree  of  motion, 
provided  it  has  been  disturbed  by  no  sudden  fluctuations  of  the  electric 
current.     When  the  movement  of  the  protoplasm  is  perfectly  stopped, 
without   any    other    essential  change,  it  after   a  time  graouaDy  skU 
in  again  if  left  to  itself.    The  parts  of  the  cell,  in  most  of  the  plant-, 
examined,  in  which  by  electrical  effect  the  protoplasm  and  chlorophvll 
granules  are  accumulated  are  the  septa;   but  with  stronger  cunentj 
aggregations  may  appear  in  various  parts  of  the  cell.    When  once  the 
movement  has  been  checked  it  only  very  grradually  attains  its  former  rate. 
By  moderate  electrical  irritation  molecular  movement  is  produced.    In 
most  cases  the  different  parts  of  the  contents  of  the  cells  are  onequallv 
affected.     Strongly  intensified  currents  deprive  the  protoplasm  of  JH 
further  power  of  motion.    Veiy  strong  currents  induce  contraction  of  the 
primordial  utricle.    Making  a  contact  has  often  a  greater  physiological 
effect  than  breaking  the  contact.    The  condition  of  agitation  of  the  pro- 
toplasm brought  aoout  by  the  electric  current  is  not  transmittea  to 
contiguous  pe^.    By  weak  currents  the  protoplasm  is  enabled  to  take 
up  water  through  its  imbibing  channels  \  and  the  water  thus  taken  up 
may  be  expressed  by  the  protoplasm  itself  if  left  to  rest.    By  moderate, 
though  not  too  weaK,  irritation,  perfect  vacuoles  are  formed,  after  which 
death  or  resuscitation  may  follow;  this  is  the  boundary  of  life  and  death. 
By  strong  electrical  currents  the  protoplasm  is  enabled  to  take  up  water 
in  its  own  interstices :  it  swells  up.    The  same  property^  is  possessed  bv 
the  granules  of  chlorophyll.    The  effect  of  strong  currents  is  to  cause  the 
separation  of  solid  partides  of  the  protoplasm.    Protoplasm  and  graniilee 
of  chlorophyll  are  transformed  by  electncity  into  the  viscid  fluid  state  of 
aggregation,  and  separate  parts  arrived  at  this  state  may  flow  together. 
^e  rotation  of  the  granules  of  chlorophyll  in  the  cells  of  Chora  is  not 
disturbed  by  galvanic  currents  to  the  same  extent  as  the  protopUsmic 
movements,  and  may  be  viewed  even  when  the  movement  of  the  proto- 
plasm has  been  artitidally  brought  almost  to  a  standstUL    Rather  strong 
electric  currents  in  several  instances  cause  a  momentary  reversion  of  the 
circulation;  but  this  is  onl^  apparent  because  it  involves  some  esseDtial 
changes.    On  the  application  of  strong  electric  currents  the  protoplasm 
collects  with  great  facility,  especially  on  the  ceU-wall  nearest  the  one  or 
other  pole,  in  the  form  of  plates  or  elliptical  bodies. 

Gravitation,  0«otroplsm« — ^The  efiects  of  gravitation  on  living  plants  are 
iU  understood.  Knight  was  the  first  to  show  that  the  downward  growth 
of  roots  was  due  to  the  force  exerted  by  the  earth ;  for  whesi  this  was 
removed  or  suppUmted  by  some  force  of  superior  power,  downwajd 
growth  ceased,  as  when  seeds  were  grown  on  a  rotating  wheel,  when  the 
roots  were  directed  outward  by  centrifugal  force.  Gravitation  acts  inde- 
pendently of  chemical  or  other  forces,  and  presents  many  pheoomeoa 
strictly  analogous  to  those  mentioned  under  the  head  of  Udiotropisn. 
When  a  plant  is  so  placed  that  the  amount  of  light  b  equal  on  ail  sides, 
or  when  neliotropic  cnryatures  are  prevented,  gravitatioii  causes  Kmd 
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aigmns  to  descend,  others  to  aaoend,  according  as  growth  is  favoured  or 
retarded  on  the  side  next  to  the  earth.  When  growth  is  retarded  on  the 
aide  next  the  earth,  a  curvature,  the  concavity  of  which  is  directed  to  the 
earth,  ensues,  and  the  extreme  growing-point  is  thus  directed  downwards, 
as  in  the  case  of  the  gills  of  Fungi,  and  most  roots,  r\  Such  organs 
are  apoken  of  as  pontivefy  geotrcpiCf  the  condition  heing  strictly  analogous 
to  positive  heliotropism.  On  the  other  hand,  when  growth  is  accelerated 
oo  the  side  next  the  earth,  the  organ  hecomes  so  curved  as  to  present  its 
convexity  to  the  earth,  and  its  terminal  growing-point  is  directed  up- 
wards, as  in  the  following  diagram,  where  the  horizontal  line  represents 
the  earth,  v^.  Such  organs  as  stems  &c.  are  negatimly  geotropic,  and  are 
analogous  to  negatively  lieliotropic  organs.  The  direction  assumed  by 
Rowing  oxj^ans  depends  on  the  relation  between  gravitation  and  tension. 
If  the  tension  resulting  from  turgescence  is  equ^  on  all  sides,  the  root 
will  sdways  ^ow  in  a  certain  direction  even  against  ^vity ;  but  if  the 
internal  tension  of  the  tissues  be  greater  in  one  direction  than  in  another, 
a  curvature  will  result  independently  of  the  action  of  gravity,  the  under- 
side of  the  curved  part  will  g^ow  more  freely  than  the  upper  end ;  in 
consequence,  the  growinff- point  will  be  directed  upwards.  Kraus  remarks, 
with  riaference  to  this  subject,  that  geotropic  curvatures,  positive  or  nega- 
tive, are  regulated  by  the  same  cause,  the  more  abundant  flow  of  nutri- 
tive juice  to  the  lower  part  of  any  organ  being  determined  by  gravitation, 
while  the  direction  ox  the  curvature  is  determined  by  the  degree  of 
turgescence  and  tension  of  the  tissues.  The  subject  of  the  inverse  direc- 
tion of  roots  and  stems  stands  in  need,  however,  of  much  further  eluci- 
dation. 

Effbcta  of  Tension. — ^These  have  been  already  incidentally  alluded  to ; 
but  their  influence  on  the  growth  of  plants  may  be  better  understood  if 
it  be  remembered  that  the  cells  are  elastic  bags  subject  to  be  stretched 
and  compressed,  with  consequent  alterations  of  shape,  varying  according 
to  circumstances  and  accoroing  as  the  pressure  is  uom  without  or  from 
within.  Pressure  from  within,  ittrgescefice,  is  regulated  by  hydrostatic 
laws ;  that  from  without  is  caused  by  many  varied  circumstances  con- 
nected with  growth  and  the  movements  of  fluid.  As  the  absorption  of 
water  is  known  to  be  more  or  less  periodic,  so  also  the  tension  of  cells, 
and  the  movements  consequent  on  it,  are  periodic.  Organs  at  first 
homogeneous  as  to  structure  absorb  an  equal  amount  of  water  through- 
out ;  but  as  the  structure  alters  in  character  at  different  places,  the  rate 
and  degree  of  absorption  vary,  and  the  consequent  tension  also  varies  in 
different  parts  of  the  plant.  Sachs  shows  that  there  is  an  intimate  de- 
pendence and  correlation  of  growth  and  tension.  Daily  periodicity  of 
growth  ccnnddes  with  the  daify  periodicity  of  tension ;  if  the  former  be 
dependent  on  changes  of  temperature  and  light,  the  latter  is  probably 
60  also.  One  of  the  simplest  of  these  cases  is  the  separation  of  the  divided 
portions  of  a  stem  when  cut  lengthwise.  Take  almost  any  young  grow- 
ing shoot,  preferably  one  hollow  in  the  interior  (the  flower-stalk  of  a 
Dandelion,  for  instance), and  cut  it  down  lengthwise  for  a  short  distance; 
immediately  the  separated  portions  diverge  one  from  the  other.  The 
appearance  thus  presented  is  like  that  of  the  letter  V ;  or  when,  as  often 
liappens,  th^  edges  roll  up,  we  have  an  appearance  resembling  that  of  the 
zodiacal  sign  of  Aries,  Y.    Again,  let  the  layers  of  bark  ana  wood-tissue 
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be  carefully  dissected  off  from  a  young  vine-shoot,  w)  as  to  leave  the  pitH 
exposed ;  and  it  will  be  seen  that,  while  the  bark  and  wood  become  con- 
tracted (shorten,  in  other  words),  the  pith  lengthens.    A  similar  contr«c^ 
tion  ensues,  but  in  a  transverse  direction,  when  a  ling  of  bark  is  cut  ofT 
from  a  shoot.     Try  to  fit  it  on  to  the  stem  from  which  it  was  taken, 
and  it  will  be  found  impossible  to  replace  it  accurately.    Dr.  ISM  deci- 
sively proved  that  the  divergence  in  question  was  due  to  varying  degrees 
of  tension,  these  variations  being  dependent  in  his  experiments  on  thf* 
alternate  emptying  of  certain  cells,  and  the  filling  or  turgescence  of  other?, 
and  vice  versd — ^the  transfer  of  fluids  in  this  case  from  cell  to  ceU  takinsr 
place  in  accordance  with  osmosis.     Certain  of  the  tissues  aine  erectile,  left 
to  themselves  they  have  a  tendency  to  extend  in  all  directions ;  certain 
other  of  the  tissues  are  by  comparison  passive,  and  act  a^  a  check  on  the 
erectile  tissues.    Speaking  generally,  the  spongy  cellular  portions,  such 
as  the  pith  and  the  cellular  portions  of  the  bark,  are  erectile ;  while  the 
skin  or  epidermis  and  the  fibrous  stringy  tissues  (wood)  are  paisive.  To 
varying  relative  conditions  of  these  parts  the  movements  of  plants  may, 
in  great  measure,  be  attributed.     For  instance,  the  divergence  which 
occurs  when  a  Dandelion  or  other  herbaceous  stem  is  cut  down,  dependi^ 
on  the  sudden  disturhance  of  the  balance  heretofore  existing  between  the 
erectile  central  portions  and  the  passive  outer  portions  of  the  skin :  the 
latter  gain  the  advantage,  and  curvature  residts,  owing  to  the  adhesion 
of  the  cells  to  the  rind ;  but  if,  as  in  l>r.  Bird^s  experiments,  the  advantage 
of  the  central  tissues  is  restored  by  the  imbibition  of  fluids,  the  cut  sur- 
faces then  lose  their  cur^'ature  and  become  parallel  to  each  other.    And 
so,  in  regard  to  our  second  illustration,  the  contraction  that  takes  plao»* 
when  a  ring  of  bark  is  removed  from  the  subjacent  cells  afiords  anotli'*r 
illustration  of  the  difference  in  tension  of  the  different  elements  of  the 
stem. 

The  tension  which  occurs  in  plants  is  always  liable  to  fluctuations  in 
degree,  and  may  either  be  permanent  or  transitory.  Permanent  tension  is 
that  which  occurs  as  a  result  of  unequal  growth,  while  transitory  ten- 
sion is  due  to  variations  in  the  quantity  of  water  absorbed,  as  in  the  ex- 
periments just  alluded  to.  There  is  always  a  tendency  to  maintain  an 
equilibrium  ;  the  tensive  forces  are,  in  theory,  at  least,  equally  and  avm- 
metrically  distributed,  but  this  equal  distribution  is  continually  being  in- 
terfered with  by  variations  in  the  vigour  of  growth  and  the  amount  of 
light,  heat,  and  moisture  to  which  plants  are  subjected. 

It  has  been  long  known  that  if  a  growing  shoot  be  shaken  several  times 
in  succession,  a  curve  will  ultimately  be  formed  in  it,  the  centre  of  which 
curve  corresponds  with  the  place  where  the  tension  is  at  its  maximum. 
The  irritation  produced  by  the  continued  shaking  stretches  the  paspive 
tissues  (epidermis)  and  diminishes  their  elasticity  and  consequent  power 
of  resistance  to  the  erectile  tissues  within,  which  are.  in  conseauence. 
enabled  to  grow  the  more  rapidly.  If  this  stretching  of  the  rind  oe  uni- 
form on  all  sides  of  the  shoot,  a  simple  lengthening  will  take  place ;  hat 
of,  as  is  usually  the  case,  the  stretching  be  more  on  one  side  than  the  other, 
then  a  curve  is  produced. 

Pexiodlo  Variations  in  Tension. — ^The  degree  of  tension  varies,  as  has  heen 
said,  at  different  times  of  the  day  and  in  different  parts  of  plants.  Und;r 
ordinary  circumstances,  according  to  Kraus,  the  tension  diminishes  in 
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earlj  mornings  and  is  at  its  minimum  about  2  p.m.,  from  which  time  it 
gradually  increases.  In  annual  plants  the  maximum  degree  of  tension  is 
at  the  base  of  the  stem,  and  diminishes  towards  the  end  of  the  branch  e 
and  of  the  roots,  where  the  growth  is  most  active.  The  effect  of  increased 
tension  at  the  base  of  the  stem  would  force  the  nutrient  fluids  in  the  two 
directions  where  it  is  most  required.  The  greatest  tension  in  young  shoots 
is  also  at  the  base,  the  sap  being  thus  forced  towards  the  growing-point. 
In  the  case  of  bulbous  plants  the  gpreatest  tension  is  exerted  in  the  stem, 
so  that  the  nutritive  juices  may  be  forced  into  the  bulb. 

Periodlcitj  of  Growth. — Connected  with  the  growth  of  plants  two  sepa- 
Tate  phenomena  are  observed :  the  one  a  regular  onward  course  of  growth 
from  infancy  to  maturity,  varying  in  degree,  rapidity,  and  duration,  accord- 
ing to  hereditaiy  endowments,  attaining  a  maximum,  and  then  gradually 
decreasing';  the  other  a  fluctuating,  intermittent,  or  periodic  growth.  The 
former  Is  called  by  Sachs  the  grand  period  of  growth.  The  rate  of  increase 
in  the  case  of  the  grand  period  is  not  directly  in  connexion  with  changes 
of  temperature  and  other  outward  conditions,  but  is  to  some  extent  inde- 
pendent of  them.  The  rate  of  growth,  moreover,  varies  in  diflerent  parts 
of  the  same  organ,  so  that  there  is  one  portion  where  a  maximum  rate  of 
jZTowth  is  observed.  According  to  Sachs,  the  maximum  rate  of  growth 
in  stems  is  greatest  at  some  distance  from  the  apex  of  the  stem,  while  in 
roots  the  fastest  growth  takes  place  much  nearer  to  the  apex.  But  this 
statement  appears,  from  Bennett's  researches  on  Vallisneria  and  the  Hya- 
cinth, to  be  too  general.  The  author  last  cited  found  that  in  the  pedimcle 
of  ValUgneria  the  rate  of  growth  was  much  more  rapid  near  the  sunmiit, 
while  in  the  case  of  the  flower-stalk  of  the  Hyacinth  the  reverse  was  the 
case.  In  Tritoma  the  greatest  and  most  rapid  ^owth  was  observed  to 
take  place  near  the  upper  end  of  the  scape.  While  the  grand  period  of 
growth,  considered  as  a  whole,  augments  in  intensity  gradually  till  it 
reaches  a  maximum  and  then  declines,  yet,  if  the  growth  of  internodes,  or 
short  intervals,  of  the  stem  be  measured  at  frequent  intervals,  the  rate  of 
growth  is  found  to  be  verv  irregular,  so  that  if  projected  in  a  diagram 
it  would  not  form  a  unifon^  curve,  but  a  series  of  zigzags.  These  varia- 
tions Sachs  attributes  to  diflerencea  in  temperature  and  other  outward 
circumstances,  and  further  points  out  the  existence  of  a  direct  relation 
between  the  rate  of  growtn  and  the  tension  of  the  tissues,  the  curves 
representing  the  two  phenomena  being  identical.  Reinke,  however,  dis- 
putes these  conclusions  and  attributes  the  variations  to  inherent  changes  in 
the  nlant  itself  in  association  with  variations  in  the  degree  of  humidity, 
&c.  &c. 

Day  aad  Night  Growth. — ^The  evidence  as  to  whether  the  greatest 
amount  of  growth  takes  place  by  day  or  by  night  is  still  conflicting,  though, 
from  what  has  been  before  said  as  to  growth  and  cell-division,  as  well  as 
from  direct  measurements,  the  balance  of  evidence  goes  to  show  a  greater 
relative  growth  in  the  hours  of  darkness,  the  maximum  being  observable 
just  before  sunrise,  the  minimum  soon  after  noon.  The  conflicting  state- 
ments arise  from  the  great  variations  in  temperature,  light,  moisture,  &c., 
eo  that  it  is  only  by  eliminating,  so  far  as  possible,  the  effects  produced 
by  heat  from  those  which  are  the  result  of  light,  and  so  on,  that  a  deci- 
sion can  be  arrived  at ;  and  when  such  a  decision  has  been  obtained,  it  is 
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neoesflftrily  of  relatively  little  value,  aince  it  by  no  means  repieMots  what 
happens  under  natural  circumstances. 

Rauwenhoff,  whose  paper  on  this  subject  is  the  most  complete,  and 
which  contains  references  to  the  literature  of  the  subject,  shows  thst  the 
day  and  night  growth  is  variable  in  different  species,  that  what  holds  good 
in  one  does  not  do  so  for  another ;  and  this  agrees  with  the  result  of 
Lindley's  experiments,  in  the  Transactions  of  the  Horticultural  Society 
of  London,  new  ser.  voL  iiL  p.  101. 

Measurement  of  Rate  of  Orowth. — ^For  purposes  where  great  aocuracr  is 
not  required,  marks  made  upon  the  growing  stem  at  regular  distances  apart, 
or  a  measuring-rod  placed  in  juxtaposition,  are  sufficient;  but  where  great 
accuracy  and  the  measurement  of  minute  spaces  are  demanded,  recoune 
must  be  had  to  special  instruments  called  Aiuranomeiers.  In  the  aimplegt 
form  of  this  instrument  a  thread  is  attached  to  the  growing  plant,  the 
other  end  of  the  thread  being  carried  over  pulleys  and  moving  an  index 
attached  to  a  scale.  Self-registering  growth-measurers  present  many  ad- 
vantages. In  these  the  rate  of  growth  is  marked  by  an  index  attached 
by  a  thread  to  the  plant,  and  travelling  over  a  blackened  cylinder  revolving 
by  clockwork  in  fixed  periods  of  time,  and  on  which  the  indications  of 
the  index  are  traced. 

Altemattona  of  Growth. — In  addition  to  periodic  or  rhythmic  waves 
of  growth,  a  sort  of  compensatory  growth  is  often  observed ;  so  that  if 
growth  be  active  in  one  organ,  it  is  relatively  passive  in  another,  and  nee 
versd,  K  one  organ  be  hypertrophied  or  inordinatelv  developed,  it  often 
happens  that  another  is  correspondingly  restricted.  l*he  operation  of  thia 
law  of  compensation  is  particularly  evident  in  many  cases  of  monstrosity. 
It  may  also  be  easily  observed  in  the  case  of  many  Conifers,  e.  p,  in  Arauearia 
imbncata  or  Abies  Nordmanniana,  where  in  one  seaHon  the  growth  of  the 
terminal  shoot  exceeds  that  of  the  lateral  subvertidllate  ones  beneath  it, 
while  in  another  season  the  lateral  shoots  grow  faster  than  the  terminal 
one. 

Force  exerted  during  Growth. — ^The  force  with  which  fluids  ascend  is 
the  stem  has  been  repeatedly  measured  from  the  time  of  Hales ;  but  the 
actual  force  exerted  oy  the  mass  of  growing  tissues  has  not  been  so  fre- 
quentiy  made  the  subject  of  accurate  measurements.  It  is  common  to  see 
stones  uplifted  by  trees  in  their  growth,  and  paving-stones  raised  bj  the 
growth  of  Fungi  beneath  them.  Clark  has  subjected  to  measurement  a 
growing  fruit  of  a  Pumpkin,  which  from  raising  weights  of  fi(MX)  Ib^ 
finished  b}'  raising  one  of  5O0O  lb.,  its  own  weight  being  47  lb.  The 
growth  of  the  roots  of  this  plant  was  estimated  at  1000  feet  a  day.  This 
is  no  doubt  an  extreme  case,  but  it  may  suffice  to  illustrate  the  enonnoua 
force  exerted  by  plants  in  their  growth. 
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CHAPTER  V. 

REPRODUCTION  OF  PLANTS. 

Sect.  L  Yegstatiys  Multiplication'. 

It  is  a  remarkable  characteristic  of  the  Vegetable  Kingdom, 
shared,  indeed,  by  some  of  the  lower  animals,  such  as  Sponges, 
Poljpes,  Ac.,  that  their  organizing  forces  are  diffased  throughout 
their  structure,  whence  results,  not  only  great  repetition  of  simi- 
lar and,  to  a  certain  extent,  independent  parts  in  the  same  plant, 
but  a  capability  in  those  parts  of  surviving  when  separated  from 
the  parent  stock,  and  of  becoming  the  foundations  of  new  plants. 
Through  this  condition  of  the  organization  arises  the  possibility 
of  a  tmUHplication  of  individual  plants  by  simple  subdivision  of  the 
vegetative  structure  of  a  single  specimen — a  process  which  is  not 
only  universal  throughout  the  Vegetable  Kingdom,  but  in  many 
cases  is  so  frequently  and  abundantly  manifested  as  to  throw  the 
proper  reproduction  by  seeds  or  spores  into  the  background. 

As  irill  be  seen  hereafter,  the  spores  of  some  Families  are  really  formed 
by  a  Mud  of  vegetative  multiplication  intermediate  between  the  proper 
reproductive  process  and  the  oevelopment  of  the  new  plants;  but  it  will 
be  more  convenient  to  examine  those  cases  in  connexion  with  the  f onna'^ 
lion  of  spores  and  seeds  generally,  and  to  confine  our  attention  here  to 
what  ate  distinctly  and  evidently  bud-structures. 

Bads ;  Gemnue. — The  modes  of  vegetative  multiplication  of  plants 
necessanly  depend  essentially  on  the  organization  of  the  species  ; 
accordingly  as  the  vegetative  structures  present  more  or  less  com- 
plexity, so  are  the  *'  buds  "  more  or  less  developed  at  the  period 
when  they  are  detached  from  the  parent. 

Q&annm  of  ThaUogens. — ^In  the  Thallophyta^  where  the  entire  organiza- 
tion is  cellular,  and  no  leaf-structures  exist,  the  buds  or  ffemm€B  are  cel- 
lular structures,  more  or  less  complex,  accordinff  to  the  condition  of  the 
parent  thallus.  We  have  examples  of  the  simpsst  kind  of  multiplication 
in  Sekisbomyeet^  and  the  lower  AJgss,  such  as  I^tlnieliea,  Desmkuea,  &c., 
where  the  plants  are  continually  undergoing  propagation  by  division  of 
the  constituent  cells.  In  some  cases  no  other  mode  of  reproduction  is  yet 
known,  and  such  multiplication  appears  to  represent  the  vegetative 
growth  of  higher  forms ;  out  in  others  a  true  reproauction,  with  formation 
of  spores,  recurs  periodically  to  interrupt  the  simple  cell-division,  in  a 
manner  analogous  to  the  recurrence  of  floweringi  after  a  certain  extent  of 
Teeetative  growth,  in  the  higher  plants. 

In  the  fungi  many  kin(&  are  abundantly  propagated  by  conidia,  or 
ample  ceUs  detached  from  the  myoeUum,  as  is  the  case  in  the  ^wth  of 
Yeast  (p.  ^2),  in  the  propagation  of  the  Vine-fungus,  &c. ;  and  m  all  pro* 
bability  the  r  nngi  generally  may  be  increased  by  artificial  division  of  the 
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thalluSy  as  we  see  it  practised  in  propagating  the  Mushroom,  the  Vinega> 
plant,  &c.  In  the  Lichens  there  is  a  proper  structure  to  which  the  vege- 
tative mutiplication  is  confined,  viz.  tne  gonidia,  the  green  cells  formed  in 
the  medullary  layer  of  the  thallus,  which  frequently  hreak  out  from  the 
surface  and  become  free,  especially  when  the  plants  are  exposed  to  exoe«- 
siVe  damp.  These  gonidia,  however,  are  now  considered  to  be  Alg», 
entangled  in  the  meshes  of  a  parasitic  fun^^. 

In  the  Algee  the  vegetative  multiplication  exhibits  very  varied  charac- 
ters. In  the  Confervoids  (p.  461)  we  have  the  zoospores  and  swarm-spora 
(fig.  612,  C,  df  and  fig.  691),  as  also  in  the  PhfeoeporesF^ :  and  the  tetraspom 
of  the  Rhodospermeae  and  the  Dictyotacess  prooably  have  the  same  im- 
port ;  but,  in  addition  to  this,  the  thallus  is  commonly  multiplied,  eepedaHj 
m  the  larger  forms,  by  the  growth  of  a  number  of  new  tJialH  from  the 
sides  or  the  base  of  an  old  plant,  and  tibeir  subsequent  separation  by  the 
decay  of  the  parent  thallus. 

In  the  above  cases  we  see  the  double  representation  of  the  vegetatfye 
process  which  occurs  in  so  marked  a  manner  in  the  higher  plants.  We 
have  increase  by  simple  and  pure  subdivision  of  ordinary  vegetative 
structures,  and,  Isesides  this,  we  see  varied  modifications  of  tlie  vegetative 
cells  specially  organized  to  fit  them  for  being  thrown  off  spontaneoudj 
((/ontaia,  &c.). 

In  the  HepaticsB  and  Mosses  the  propagative  structures  do  not  arrive 
at  the  condition  of  buds,  although  the  parent  plants  have  leafy  stem& 
The  ffemnup  of  these  Classes  are  merely  ceUular  nodules,  motre  or  less  de- 
veloped in  different  cases,  and  only  acquire  leaves  after  they  have  become 
independent.  In  the  Junffermanniacese  they  are  developed*  on  the  leavei« 
or  in  place  of  frtdts.  In  Marchantiacesd  they  are  f oudd  in  cup-like  re- 
ceptacles, being  especially  frequent  when  the  plants  grow  in  damp,  shaded 
localities,  a  number  of  them  (spring^g  originaUy  from  a  single  cell)  lying 
in  the  cup  Uke  eggs  in  a  nest. 

The  Mosses  produce  gemtMB  from  all  parts  of  their  structures— from 
their  leaves,  stems,  metamorphosed  frmt-organs,  and,  above  all,  from 
thread-like  runners  (proUmema)  which  shoot  out  from  the  base  of  their 
stems.  When  their  spores  germinate,  they  also  form  first  a  mesh  of 
confervoid  filaments,  each  joint  of  which  often  gives  birth  to  a  leaf-bud 
(tig.  499,  p.  430). 

Bnds  of  Vascular  Cryptogams. — The  Ferns  and  allied  Classes  aipee 
more  closely  with  the  Flowering  plants  in  their  ve^tative  propagation, 
forming  leaf-buds  in  cases  where  they  increase  in  this  way ;  out  there  is 
a  connexion  with  the  Mosses  &c.  in  the  circumstance  that  their  gemmit 
appear  more  frequently  on  the  leaves  than  is  the  case  normally  in  the 
Phanerogamia — as,  for  example,  in  Aspleniwn  rhkopht/Qum,  where  the 
leaves  root  and  form  buds  at  their  tips,  Cgstopteris  buibi/era,  in  which 
bulbils  appear  on  the  petiole,  &c. 

Bnda  of  Phonerogaxna. — In  the  Phanerogamia  the  rule  is,  that  ererr 
leaf-bud  may  be  separated  from  the  parent  stock,  and,  if  properly  treated 
reared  into  a  new  plant ;  moreover,  m  a  vast  number  of  cases,  the  leaf- 
buds  are  naturally  modified  in  certain  details  of  their  structure,  so  as  to 
protect  them  from  external  injury,  and  then  thrown  off  spontaneously  hy 
the  parents  to  multiply  the  kind.  Many  of  the  cases  of  tnis  phenomenon 
have  been  describea  in  the  first  part  of  this  work  under  the  bead  of 
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Morphology  of  Steins  (p.  20  et  seq.)  and  Buds  (p.  69).  We  have  there 
.-poten  also  of  the  formation  of  adventitious  buds  (p.  70)  and  cited  nume- 
rous examples  strongly  indicating  that  relative  independence  of  the  parts 
of  the  organization  of  plants  referred  to  above. 

AdventitioaB  Boda  are  formed  mostly  when  a  plant  or  part  of  a  plant 
loaded  with  assimilated  nourishment  is  deprived  of  its  natural  developing- 
p<.>ints.  Thus  we  see  abimdant  formation  of  adventitious  buds  on  healthy 
inmks  of  trees  which  have  been  puUarded,  i.  e.  have  had  their  heads  cut 
down  so  as  to  remove  almost  all  tneir  natural  buds.  Sometimes  the  shoots 
.-«)  produced  simply  result  from  the  development  of  otherwise  dormant 
ifttds.  The  abundant  supply  of  food  existing  in  the  trunk,  however,  often 
simulates  the  cells  of  the  cambium-reffion  (p.  630)  into  extraordinary  de- 
velupmenty  and  true  endogenous  leaf-buds  are  produced,  which  form  venta 
fi»r  the  vital  energy  of  the  plant.  This  power  exists  even  in  the  roots  of 
xnany  trees,  as  in  Madura  aurarUi<ica,  i)/rtis  japonica,  &c.,  fragments  of 
wiiich  in  a  healthy  condition  may  be  made  to  produce  new  plants.  The 
budh  so  formed  are  of  endogenous  origin,  arising  in  or  near  the  cambium- 
n^on. 

Mention  has  been  made  of  the  formation  of  adventitious  buds  (as  exo- 
genous formations)  on  leaves,  which  has  been  observed  frequently  in  wild 
plants,  and  is  artificially  induced  in  many  cases  as  a  means  of  propagation. 
As  a  rule,  leaves  are  less  prone  to  produce  buds  than  stems  or  even  roots, 
as  might  be  expected  from  the  more  actively  changing  state  of  the  con- 
tents of  their  tissues,  and  the  usual  absence  of  any  great  accumulation 
of  assimilated  substance,  such  as  is  regularly  met  with  at  certain  periods 
in  the  stem  and  root. 

That  striking  characteristic  of  vegetables  which  displays  itself  in  the 
physiological  independence  of  the  leaf-buds,  renders  the  vegetative  propa- 
gation of  plants  a  most  important  feature  in  their  history,  both  in  a  natu- 
ral and,  in  a  still  higher  degree,  in  a  cultivated  condition. 

A  brief  notice  of  some  striking  phenomena  illustrative  of  the  spon- 
taneous propa^tion  of  the  higher  plants  may  be  given  here. 

Various  herbaceous  plants  are  multiplied  by  spontaneously  detached 
axillary  leaf-buds :  of  this  we  have  f  amOiar  examples  in  Lilium  bulbiferum, 
Denlaria  btdbifera^  and  the  cultivated  species  of  AcMmenes,  Similar  pro- 
pagative  buds  are  often  produced  instead  of  flowers  in  the  inflorescence 
of  the  species  of  Allium  (Garlic,  &c.),  both  in  a  wild  and  cultivated  con- 
dition :  and  the  same  is  the  case  with  some  other  plants,  such  as  Polygon 
num  viviparumf  &c. 

The  multiplication  of  bulbs  by  ''  cloves,**  or  axillary  bulbs  produced  in 
the  axils  of  the  scales  of  the  parent  bulbs,  has  been  described  in  a  former 
Chapter  (p.  25),  and  there  also  have  been  mentioned  the  structures  called 
tubers,  formed  of  moditied  stems,  which  are  important  agents  in  propa- 
gating the  plants  in  which  they  occur.  The  Potato,  for  instance,  forms 
tubers  from  its  branches,  the  **  eyes  **  or  buds  of  which  may  be  serrated 
and  made  to  produce  each  a  new  plant :  and  the  Jerusalem  Artichoke, 
Dahlia,  &c.  are  similar  in  this  respect.  The  terrestrial  Orchids,  such  as 
OrcMs  Mario  (fig.  21)  &c.,  are  not  nwUiplied  by  their  tubers,  but  only 
continued  from  year  to  year,  since  only  one  new  "eye  **  is  formed  annually. 

Still  more  frequent,  perhaps,  than  the  formation  of  bulbils,  bulbs,  or 
tubers  is  the  development  of  leafy  shoots  peculiarly  organized  for  the 
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purpose  of  propagatug  the  plant  which  bears  them,  oommonty  oompre- 
nended  under  the  names  of  ofTsetfl,  stolona,  runnersy  &c.  Almost  eTeir 
gradation  of  condition  occurs  here,  between  the  diviaihle  rfaizomee  of 
such  pknts  as  the  Daisy,  Primrose,  &c.,the  " runners'*  of  ^e  Strawberrr, 
VaUisneria,  Hydrocharis^  &c.,  the  ofisets  of  House-leeks,  8tratioU9j  and 
the  rosette-Hke  stolons  of  Eptlobuif  &c.,  which  approach  to  the  axiDarr 
bulbils  of  AcMmeneSy  and  connect  all  these  forms  with  the  subterraneous 
bulbs,  corms,  and  tubers. 

Propagation  by  Artificial  Means. — The  artificial  propagation  of 
plant-s  by  division  is  effected  by  a  yariety  of  processes  founded  on 
the  same  physiological  laws  as  the  natural  multiplication  by  de- 
tached buds,  &c. ;  it  also  includes  a  peculiar  class  of  operations, 
in  which  the  new  plants  are  not  converted  into  absolutely  inde- 
pendent stocks,  but  are  made  to  assume  a  pseudo-parasitical  habit 
upon  other  plants,  whose  roots  furnish  them  with  that  portion  of 
their  nourishment  which  is  derived  from  the  soil. 

In  the  simple  propagation,  advantage  is  taken  of  the  vital  activitv 
of  the  cambium-region  to  stimulate  it  to  the  production  of  roots, 
in  the  gardening  processes  of  propagation  by  slips  or  etittiw/s,  layers, 
&c.  In  the  production  of  pseudo-parasites,  as  in  budding  and 
grafting,  the  woody  structures  of  two  distinct  plants  are  made  to 
become  intimately  blended  by  bringing  into  immediate  contact  the 
cambium-structures  of  both,  at  points  where  the  cellular  tissue  is 
in  an  active  state  of  development. 

Cuttings  or  Slips  are  ordinarily  fragments  of  stems  consisting  of  youiig 
wood  bearing  one  or  more  buds.  These  are  planted  in  earth,  and  in  Bome 
cases  require  no  especial  care  to  make  them  produce  adventitious  roots 
from  the  cambium-region,  as  in  slips  of  Willows  and  manv  conunon  soft- 
wooded  plants.  Mostly,  however,  it  is  necessary  to  stimulate  the  vegeta- 
tive action  by  a  slight  degree  of  artificial  heat — ^in  all  cases,  however, 
guarding  against  drought ;  so  that,  as  a  general  rule,  cuttings  are  made  to 
"  strike  "  root  best  in  an  atmosphere  where  the  watery  vapour  is  confined 
by  a  glass  covering.  It  is  a  matter  of  indifference  whether  a  cutting 
having  a  number  of  "  eves  "  or  buds  is  planted  with  the  head  upward  or 
with  the  summit  buried  in  the  soil  and  the  lower  part  left  free.  In  the 
latter  case,  the  ordinary  direction  of  growth  of  all  the  new  shoots  becomes 
reversed.  When  a  cutting  is  made,  a  calhts  of  cork-cells  is  formed  over 
the  wound,  and  the  adjacent  ceUs  are  filled  with  starch-grains,  prior  to 
the  formation  of  the  roots. 

It  has  been  stated  above  that  by  careful  management  plants  msy  be 
raised  from  cuttings  of  roots,  and  even  from  leaves  made  to  produce  ad- 
ventitious buds  by  artificial  stimulus. 

Layers  only  differ  from  cuttings  in  the  circumstance  that  the  fragment? 
to  be  detached  are  made  to  strike  root  before  they  are  separated  from  tlw 
parent  stock — usiially  by  bending  down  the  branches  and  buiring*  them 
m  a  portion  of  their  course  in  the  soil ;  an  incision  is  usually  maideinto  the 
wood  in  the  buried  portion,  which  causes  the  more  ready  producticMi  of  ad- 
'entitious  roots.    An  analogous  operation  is  sometimes  practiaed,  in  which 
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a  fihoot  is  caused  to  root  high  above  ground,  by  surrounding  one  or  more  of 
itd  nodes  with  a  mass  of  earth  kept  moist  by  wet  bandages  or  other 
means. 

The  artificial  nrooess  of  layering j  practised  commonly  with  Pinks,  Ver- 
benasy  Aucub(L,  d£c.,  is  analogous  to  tne  natural  propagation  of  the  Straw- 
berry by  runners. 

In  au  the  cases  comprehended  in  the  above  remarks,  the  adventitious 
roots  are  formed  most  readily  in  the  vicinity  of  buds,  at  the  nodes,  just 
as  we  see  them  naturally  occurring  chiefly  in  those  situations  in  creening 
plants,  such  as  the  Sand-Sedge  (fig.  26),  Mint,  many  Qrasses,  &c.,  wiiich 
root  at  every  joint  that  comes  into  contact  with  moist  soU,  or  in  the 
climbing  Ivy,  in  which  the  adventitious  roots  forming  its  organs  of  attach- 
ment to  foreign  bodies  are  produced  in  tufts  a  little  below  the  leaves. 


. — ^In  the  operations  of  budding  and  grafting^  the  parts  of  the 
parent  plant  are  caused  to  assume  a  kind  of  parasitical  condition,  in 
which  they  stand  in  the  same  relation  to  a  strange  "  stock  '*  as  thev  would 
have  held  to  their  parent  if  left  in  their  natural  condition.  The  detached 
bud  or  shoot  is  made  to  contract  an  organic  union  with  the  cambium- 
region  of  a  foreign  stem,  of  which  it  becomes,  as  it  were,  a  branch,  deriving 
its  supplies  of  root-nourishment  from  it,  and  subsequently  sending  down  in 
return  elaborated  juices  to  contribute  to  the  sustenance  of  its  foster  parent. 
It  is  important  to  note,  however,  that  in  the  case  of  distinct  plants 
thus  conobined  they  usually  exercise  no  appreciable  influence  over  each 
other  in  regard  to  modifying  the  morphohgiceU  characters  of  each ;  the 
connexion  merely  afiects  the  scion  and  stock  in  the  degree  of  activity^  of 
the  eeneral  physiolo^pcal  processes  of  nutrition,  &c.  Scions  grafted  on 
stocks  of  more  enduring  character  acquire  greater  vigour  and  fecundity ; 
but  the  products  of  the  buds  of  the  scion,  in  the  great  majority  of  cases, 
resemble  in  kind  those  of  their  parent,  while  the  stock  continues  to  stow 
in  its  own  way.  The  influence  of  the  scion  on  the  stock,  is  rendered 
less  noticeable  m  practice  from  the  fact  that  buds  or  branches  of  the  stock 
are  always  removed  after  the  scion  has  "  taken,"  in  order  to  concentrate 
the  sap  in  the  latter;  and  if  allowed  to  develop,  the  branches  of  the 
stock  K>rmed  below  the  scion  mostly  remain  unafi&cted  by  the  stranger 
which  has  settled  above  them. 

InlliMiioe  of  8to6k  ouBelon. — ^A  certain  amount  of  physiological  influence 
(tf  the  stock  over  the  scion  is  shown  to  exist  by  such  facts  of  horticultural 
experience  as  the  dwarfing  of  certain  varieties  and  their  earlier  or  increased 
productiveness  according  to  the  stock,  as  in  the  case  of  Apples  on  the  Para^ 
aise  stock,  the  fact  that  the  fruit  of  the  Pear  is  smsJler  and  more  highly 
coloured  when  "  worked  on  "  the  Quince  or  Medlar  than  when  grafted  on 
Pear^itocks,  and  is  earlier  when  worked  on  the  Mountain  Ash .  It  is  not  clear 
here  whether  the  alteration  is  attributable  to  greater  or  less  vigour  of  the 
stocks,  or  to  an  influence  obstructing  the  return  of  elaborated  sap  towai*ds 
the  roots,  arising  out  of  difllerence  of  texture  of  the  wood. 

Tnllfiim€«  of  BdoB  on  Btoek. — On  the  other  hand,  the  scion  has  been  in  a 
few  cases  observed  to  affect  the  stock.  It  is  well  loiown  that  the  variety  of 
the  Yellow  Jasmine  with  variegated  leaves,  budded  on  a  plant  with 
healthy  green  leaveS|  causes  the  gradual  appearance  of  variegation  through- 
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out  the  whole  of  the  foliage  of  the  plant.  The  same  phenomenon  has  been 
witnesaed  repeatedly  in  the  case  of  variegated  kiodti  of  AbuUioH.  If  a 
variegated  scion  of  A.  ThontBoni  be  placed  on  a  green-leaved  stock,  the 
new  leaves  pushed  out  from  the  latter  become  also  variegated.  If  a  green 
scion  be  phiced  on  a  stock  of  the  variegated  AbuHhn,  Uie  new  leaves  of 
the  scion  become  variegated.  Further,  if  the  variegated  scion  be  removed 
from  the  green-leaved  stock,  the  latter  no  longer  produces  varieffated,  hut 
only  green  leaves.  A  still  more  striking  phenomenon  is  the  production  of 
a  hybrid  Laburnum,  by  grafting  Cysttsm  purpureas  upon  the  common 
Laburnum.  Many  such  cases  are  now  authenticated,  and  will  be  referred 
to  under  the  head  of  Hybridization. 

Buddlns  consists  in  attaching  the  bud  of  one  tree  upon  the  developii^ 
wood  of  another.  For  this  purpose  the  bud  is  removed  from  its  parent 
with  a  slip  of  the  bark  surroun<ung  it,  bearing  on  its  inside  a  portion  of 
the  cambmm-tissue  existing  at  tbe  line  of  junction  of  the  mnermost 
region  of  the  bark  with  the  voungest  wood;  this  is  applied  upon  the 
surface  of  a  portion  of  the  cambium-layer  of  the  stock,  exposed  by  slitting 
its  bark  and  turning  it  back  so  as  to  form  a  kind  of  pocket.  The  slip  of 
bark  is  inserted  into  this,  so  as  to  bring  the  cambium  of  bud  and  stock 
into  complete  contact,  and  the  bark  of  the  stock  is  then  carefully  bound 
down  over  the  woimd  with  bandages  of  bast,  tape,  &c.  The  organizing 
force  resident  in  the  cells  of  the  cambium  of  the  two  portions  causes  them 
to  grow  firmly  together. 

In  Grafting f  a  shoot  instead  of  a  bud  is  attached  to  the  stock ;  and 
this  is  conunonlj  eflected  by  cutting  ofi'  the  head  of  the  stock  (or  a  branch 
of  sufficient  growth)  with  an  obUque  surface,  or  with  a  deep  notch  offer- 
ing more  than  one  oblique  surface ;  the  bottom  of  the  shoot  or  graft  is 
pai*ed  so  as  to  fit  accurately  on  the  oblique  surfaces,  and  in  this  way  con- 
siderable tracts  of  the  camlbium-tissue  and  young  wood  are  brought  into 
contact — ^their  cells,  however,  being  partly  end  to  end  here,  instead  of  side 
by  side  as  in  budding.  Union  of  the  growing  re^on  takes  place  exactly 
as  in  the  former  case.  Grafting  is  usually  practised  with  young  woodr 
structures ;  but  it  is  also  succe^uUy  appHea  to  herbaceous  plants  vitb 
careful  management ;  and  some  Grasses  even  admit  of  being  grafted  on 
each  other,  although  the  operation  is  generally  confined  to  Dicotyledonoiu 
plants. 

What  is  termed  Inarching,  or  "  grafting  by  approach,"  may  be  com- 
pared to  layering  (p.  017) :  in  this  modification  of  the  process,  the  sdon  is 
Drought  into  xmion  with  the  stock  by  bending  over  or  otherwise,  without 
being  detached  from  its  own  stem,  and  the  separation  is  not  made  until 
the  scion  has  ''  taken ''  on  its  foster-parent,  &c. 

It  was  at  one  time  imagined  that  the  annual  layers  of  wood  of  IKco- 
tyledonous  stems  grew  down  absolutely  and  mechanicaJly  from  the  buds, 
of  which  they  were  said  to  represent  the  roots.  It  was  thought  ali» 
that,  in  the  case  of  grafts,  the  scions  sent  down  woody  structure  over  the 
old  wood  of  the  stock,  so  as  at  length  to  enclose  it.  From  the  description 
given  before  of  the  horizontal  development  of  the  cambium-layer  of  IHoo- 
tyledons,  it  will  be  seen  that  such  notions  are  devoid  of  all  ground. 
Merely  fluid  matters  pass  up  and  down  in  the  cambium  and  bark,  and  the 
onl^  reciprocal  influence  ox  stock  and  scion  depends  on  the  lespectiTe 
activities  of  roots  and  foliage. 
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The  success  of  graftiog  dependii]g  on  the  contraction  of  intiinate 
union  between  the  celluiar  structures  of  the  two  plants,  it  is  not  sur- 
piidng  that,  as  a  rule,  it  is  only  between  nearly  related  plants  that  such 
union  is  possible.  If  the  size  of  the  elementary  organs,  the  rapidity  or 
the  extent  of  their  periodical  multiplication  and  expansion,  &c.  are  uneqiial, 
H  is  evident  that  no  permanent  coherence  can  exist ;  a  tissue  grow  ing 
more  rapidly  would  tear  itself  away  from  one  less  active.  As  a  general 
rule,  the  elementary  tissues  agree  closely  in  allied  species,  less  closely  in 
genera  of  the  same  Order,  ana  are  very  diverse  in  different  Orders ;  so 
we  find  that  grafts  take  readily  on  stocks  of  their  own  species,  to  a  con- 
siderable extent  on  stocks  of  allied  species,  and  to  some  extent  on  stocks  of 
genera  belonging  to  the  same  Order.  As  a  general  rule,  genera  of  distinct 
Ordeis  cannot  be  grafted  with  success.  The  parasitic  Mistletoe,  however, 
attaches  itself  by  a  natural  graft  to  various  trees,  such  as  Apples,  Oaks, 
and  even  to  Comferse. 

8ume  as  yet  unexplained  exceptions  exist  to  the  inclination  to  union 
between  allied  genera.  In  some  cases,  also,  a  temporary  union  is  effected, 
subsequently  destroyed  by  unequal  growth. 

Among  the  Kosacee  we  see  I'ears  grafted  readily  on  Quinces,  with  more 
diiiiculty  on  Apples,  and  not  at  all  on  Plums  or  Cheriies.  Cherries  and 
the  Cherry-laurel  readily  unite.  In  the  Oleacesd  we  have  the  Lilac  uniting 
'Aith  the  Ash,  the  Olive  with  PhiUyrea,  It  is  extensively  practised  also 
with  diverse  species  as  well  as  varieties  of  Khododetidron,  The  Fear  may 
be  grafted  on  the  Hawthorn ;  but  the  former  grows  so  much  faster  than 
the  latter  that  the  communication  between  the  two  becomes  interrupted 
in  a  few  years  at  the  point  of  junction. 

The  practices  of  grafting  and  budding  are  principally  carried  on,  Uke 
propagation  by  slips  4&c.,  for  the  multiplication  of  varieties,  which  are, 
for  the  most  part,  grafted  on  other  varieties,  or  normal  specimens  of  their 
own  species,  these  being  far  more  healthy  and  permanent  than  those 
pafted  on  allied  species.  The  multiplication  of  esteemed  varieties  of 
Koses,  fruit-trees,  &c.  is  chiefly  effected  by  this  means,  the  object  being  to 
produce  specimens  promising  increased  hardiness  &c.,  or  to  obtain  size 
and  fertihty  earlier  than  couM  occur  in  a  plant  raised  from  a  small  cutting. 
Moreover,  much  greater  certainty  of  reproducing  the  desired  form  is 
attained  than  is  the  case  with  seeds.  The  seeds  of  an  Apple,  for  instance, 
rarely  reproduce  the  parent  form  exactly. 

The  Peach  is  worked  on  the  Plum  in  Britain,  because  the  latter  is  a 
native  of  this  climate  and  is  stimulated  to  growth  in  spring  by  a  lower 
temperature  than  the  Peach  (from  Persia) ;  it  does  not  succeed  well  here 
on  Almond-stocks.  The  Pear  seems  to  succeed  better  on  Quince  than  on 
Pear-stocks  in  loamy  soils;  and  many  similar  instances  are  weU  known  to 
gardeners.  In  addition  to  these  circumstances.  Pears,  Apples,  and  other 
plants  which  may  be  easily  grafted  do  not  readily  root  from  cuttings; 
moreover  esteemed  vaiieties  of  Kose  &c.  are  quickly  multiplied  as 
'^  standards '*  &c.  by  budding  them  on  briar-stocks  already  of  several 
gears'  ffrowth;  and,  in  the  case  of  new  seedlings  of  fruit-trees,  buds 
inserted  on  f ull-ffrown  stocks  are  brought  to  flower  and  fruit  in  a  few 
years,  while  if  left  to  grow  up  into  trees  alone,  twenty  years  or  more 
might  elapse  before  they  bore  a  crop. 

Certain  phenomena  of  grafting  w-hich  are  observed  in  practice  cannot 
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be  fully  explained  by  our  present  knowledge,  bat  dotibtlen  depend  on 
causes  siniilar  to  those  just  adverted  to ;  among  these  are  the  facts  that  the 
Orange  succeeds  better  on  a  Lemon-stock  than  on  one  of  its  own  spedes, 
while  the  Apricot  does  better  on  its  own  species  than  on  the  Plum,  &c. 
The  influence  of  the  physiological  conditions  of  the  stock  upon  the  sdoo 
is  tum^  to  account  by  gardeners  in  producing  a  dwarf er  "  habit  ^  and 
an  earlier  and  more  profuse  production  of  fruit.  Thus  Apples  grafted  cm 
the  low-growing  "  Paradiae  stock  "  assume  the  dwarf  habit  of  the  stock 
and  become  more  prolific  So  Pears  on  the  Quince-stock  not  only  are 
dwarfed  in  size,  but  produce  fruit  much  more  abtmdantly  than  when 
grown  on  their  own  roots  or  gp^ted  on  another  kind  of  Pear.  Gardenen 
often  practise  "  ennobling ''  fruit-trees,  where  buds  and  grafts  are  attached 
upon  stocks  of  good  varieties  of  the  plant  in  preference  to  wild  stocks. 
Tnus  Apples  are  said  to  be  much  superior  when  jrraf ted  on  stocks  of  f?ood 
varieties  instead  of  on  Crabs,  &c. ;  and  a  kind  of  crossing  of  the  qualities 
of  varieties  has  been  attempted  on  this  principle,  grafting  kinds  which 
bear  sickly-flavoiured  Apples  upon  stocks  of  rougher  varieties,  Jai^nelk 
and  "  mellow  "  Pears  upon  later,  gritty  varieties,  &c.  "  Double  graft- 
ing "  is  done  when  it  is  desired  to  secure  a  particular  kind  of  fruit  which 
will  not  unite  or  graft  with  the  ordinary  stock ;  thus  a  Pear  mav  he 
grafted  on  a  Quince-stock,  and  on  the  scion  may  be  grafted  another  J^ear, 
which  will  not  unite  directly  with  the  Quince.  Further  details  on  tiie 
subject  of  grafting,  a  most  important  and  interesting  one,  must  be  sought 
in  horticultural  works. 

Sect.  2«  SsxvAL  BsPEODUcnoir. 

Preliininarj  ObservationB. — In  almost  all  plants  the  greater 
part  of  the  active  existence  is  passed  in  the  development  of  vege- 
tative organs,  increasing  the  bulk  of  the  individual,  or  occasionaUy 
also  accompanied  by  multiplication  of  the  plant  by  mere  subdivision 
into  parts.  But  at  certain  epochs  another  tendency  manifests 
itself :  the  energies  of  the  plant  become  concentrated  in  the  forma- 
tion  of  what  are  called  reproductive  organs,  for  the  purpose  of 
producing  and  maturing  those  independent  germs  of  new  indi- 
viduals of  the  species  ci^ed  $pores  and  seeds. 

The  formation  of  reproductive  structures  bears  a  very  interesting 
relation  to  the  vegetative  development.  Generally  speaking,  the  repro- 
ductive organs  are  only  formed  when  the  vegetative  structures  hsTe 
become  healthily  developed,  so  as  to  accumulate  a  certain  amount  of 
assimilated  matter  in  the  substance  of  the  plant.  We  observe  ^at  msnj 
garden  plants  grown  in  unfavourable  soil,  m  shady  localities,  &c.  will  not 
Sower;  and  the  number  of  years  that  elapse  before  the  flowering  of  euch 
plants  as  the  Agave,  Talipot  Palm,  &c.,  varies  with  the  more  or  less 
favourable  climate  and  soil ;  moreover,  in  ordinary  cases,  the  flowering 
takes  place  at  the  close  of  the  season  of  growth  (except  where  the  flowers 
emerge  from  buds  provided  for  by  the  previous  year's  vegetation,  as  in 
Apples  &c.,  in  biennial  and  many  perennial  herbs).  This  indicates  thst 
vigour  of  the  vegetative  organs  is  a  necessary  condition  of  reproductioD. 
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Fiotfaer,  reproduction  is  an  ezhaiutinR  inrooesa ;  it  kills  some  animals : 
and  exoeseiTe  fruiting  exhausts  perennial  plants. 

At  the  same  time,  the  reproductiye  tendency  and  the  vegetative  ten- 
dency appear  contrasted  and  opposed  to  each  other ;  for  reproduction  is 
often  retarded  and  replaced  by  rapid  development  of  veffetaUve  structures 
when  plants  are  placed  in  too  favourable  a  soil,  especiaUy  when  too  freely 
supplied  with  water ;  and  rankly  growing  plants  are  frequently  made  to 
flower  by  gardeners  cutting  the  roots,  coimning  them  to  small  pots,  or 
limiting  the  supply  of  water. 

The  reproductive  bodies  produced  by  plants  are  either  developed  at 
certain  epochs  from  structures  originally  belonging  to  the  vegetative 
8vstem,  or  they  are  formed  in  special  organs.  In  the  lower  Algae  we  find 
like  cells,  as  those  of  the  filaments  of  (rklogonium  {"^g,  606)  or  Spirogyra 
{ fig.  512),  QiiginaUy  true  vegetative  cells,  and  at  a  certain  stage  of  growth 
resolved  into  reproductive  cells  and  producinfr  worea  from  their  green 
contents.  As  we  rise  in  the  scale,  among  the  Thallophytes,  we  soon  find 
fipecial  ceUs  (Piemcti&tim,  &c.,  fig.  !» C)  or  groups  of  cells,  exclusively 
T^^etative  or  exclusively  reproductive.  In  the  higher  Ciyptogams, 
assemblagee  of  organs  of  various  kinds  are  formed  upon  the  stems,  in 
which  are  ultimately  ripened  the  spwea  of  this  group ;  while  in  the  highest 
class,  the  Fhanerogamia,  we  meet  with  fiowers  containing  stamens  and 
pistils, ultimately  producing  true  teedsm  fruits  which  are  totally  separated 
m  almost  eveiy  case  from  the  vegetative  structures. 

The  flpores  of  the  hififher  Cryptogams  (Ferns,  Mosses,  &c.)  cannot  be 
lotyperly  compared  to  uie  seeds  of  uie  Flowering  plants  (that  is,  morpho- 
logically), since  they  result  from  a  series  of  physidogical  processes  different 
in  many  respects  and  not  directly  depenaent  on  sexual  agency.  With 
regard  to  the  spores  of  the  Thallophytes,  our  knowledge  is  too  imperfect 
at  present  to  enable  us  to  decide  in  all  cases  upon  all  the  homologies ;  the 
probable  relations  of  the  different  kinds  of  structure  are  incidentally 
spoken  of  in  the  Sections  devoted  to  the  description  of  these  plants. 

It  is  probable  that  representatives  of  two  sexes,  male  and  lemale,  exist 
in  all  plants,  and  that  these  conjoin  to  form  the  rudiments  of  the  new  in- 
dividuals of  all  Cryptogams,  as  they  do  in  the  formation  of  the  embryo 
in  the  seed  of  Phanerogams.  But  in  the  Thallophytes  the  male  and 
female  organs  are  often  reduced  to  simple  masses  oi  protoplasm,  ''sperm- 
cell  "  and  ''  germ-cell ''  (these  being  associated  often  in  the  same  plant), 
bnd-ceUs,  conidia,  &c.  serving  the  piu-poses  of  vegetative  propagation :  the 
exact  particulars  and  homologies  are  still  obscure  in  many  families. 

The  nistory  of  reproduction  of  plants  has  been  ^atiy  studied  and  much 
enlarged  of  late  years ;  many  important  discovenes  have  been  made  in  all 
classes ;  and  the  course  of  tne  processes  in  Phanerogams  and  the  leafy 
Ciyptogams  is  now  pretty  well  known.  Much  still  remains  to  be  dis- 
covered in  reference  to  the  Thallophytes,  especiaUy  the  Fimgi ;  but  in 
the  AlgsB  the  processes  of  fertilization  of  germ-cells  by  spermatic  cor- 
puscles have  oeen  observed  more  clearly  and  definitely  than  in  any 
other  plants. 

Co^jiigatioiL — The  simplest  form  of  sexual  reproduction  is  that 
known  as  conjugation,  or  the  fusion  of  two  masses  of  protoplasm 
the  one  into  the  other,  as  has  been  already  mentioned  under  the 
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head  of  cell-formation,  p.  585,  and  which  is  adverted  to  in  the 
description  of  the  Thallophytes.  The  spore  resulting  from  such 
union  is  termed  a  zyrfospore  (Mncorini,  Algae,  Ac.)-  The  conju- 
gating cells  are  either  motionless,  or,  as  in  Botrydium  and  Aceta- 
hularia,  the  motile  particles  of  protoplasm  (zoospores  provided  with 
cilia)  combine  one  with  another  to  reproduce  the  plant.  In  other 
cases  the  germ  particle  is  stationary  while  the  sperm  particle 
exhibits  active  movements.  Generally  both  sperm  particles  and 
germ  particles  are  uncovered  masses  of  protoplasm,  the  cell-wall 
not  being  formed  around  the  germ  mass  until  after  fertilization. 

Further  details  relating  to  the  various  modifications  observable  in  the 
reproductive  cells  are  given  in  the  sections  relating  to  Cell-formation  and 
to  the  separate  natural  orders  of  Gr3rptogam8. 

Sect.  3.  Eepbodtjction  of  Fhaitebogams. 

The  remarkable  distinguishing  character  of  this  group  of  plants 
is  the  possession  of  stamens  producing  pollen  and  of  carpels  pro- 
ducing ovulesy  the  latter  containing  a  large  cell,  the  emhryo-sac, 
within  which  is  the  germ  or  germinal  vesicle.  The  sperm-cell 
or  poUen-grain  falls  on  the  stigma,  elongates  into  a  Jong  tube, 
which  traverses  the  style  and  comes  into  contact  with  the  embrk^o- 
sac  containing  the  germinal  vesicle.  As  a  consequence  of  this  con- 
tact, the  germ-vesicle  becomes  a  cell,  and  this  ultimately  forms  an 
embryo,  as  described  in  other  sections.  In  Gymnosperros  the 
pollen  or  sperm-cells  are  applied  directly,  without  the  intervention 
of  style  or  stigma,  to  the  nucleus  of  the  ovule.  The  germ-cell 
here  differs  from  that  of  Angiosperms,  and  is  called  the  corpuscU 
(see  ante^  p.  358).  It  is  supposed  to  be  homologous  with  the  germ- 
cell  or  central  cell  of  Lycopods  (p.  424).  The  differences  in  the 
development  of  the  embryo  of  Gymnosperms  and  Angiosperms  are 
treated  elsewhere. 

The  formation  of  the  reproductive  organs  closes  the  life-cycle  of 
the  plant  either  permanently,  or,  in  the  case  of  perennial  plants, 
the  periodic  cycle  of  growth  and  the  progeny  thrown  off,  after 
passing  through  a  quiescent  stage  of  rest,  germinate  afresh  into  a 
new  perfect  morphological  representative  of  the  species. 

Alternation  of  Generations. — ^Vegetative  reproduction  (agnwh 
genesis)  in  its  varied  forms  and  sexual  reproduction  (gamogeneMs) 
may  be  manifested  in  the  plant  at  the  same  time,  or  they  may 
alternate  one  with  the  other ;  thus  the  production  of  spores  and 
the  formation  of  a  prothallus  in  Ferns  is  an  asexual  process  alter- 
nating with  the  development  of  a  perfect  plant  from  the  action  of 
a  spermatozoid  in  the  central  cell  of  the  archegonium.    Among 
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ThslIophTtes,  as  we  have  seen,  great  differences  often  exist  in  the 
Mine  pl&Dt  even,  in  both  asexual  and  sexual  modes  of  reproduction, 
the  plant  at  one  time  and  under  one  set  of  conditions  reproducing 
itself  in  one  way,  at  another  time  and  under  different  conditions 
in  another.  For  practical  purposes  such  as  the  investigation  of 
pQr&sitical  plants  detrimentju  to  animals  or  to  other  plants,  it  is  of 
the  greatest  importance  to  know  the  life-history  of  the  plants  in 
question  and  the  conditions  propitious  or  adverse  to  its  several 
niudefl  of  reproduction,  as  with  such  knowledge  it  may  be  possible 
to  devise  a  remedy  or  avert  the  mischief. 


Fig.fl02. 


PoUen~ffraim  of  Phanerognmia. 
Sperm-cella. — Pollen-grains,  the  sperm-cells  of  Phanerogam ia, 
correspond  to  the  microspores  of  the  heterosporous  Vascular  Cryp- 
to;;amia ;  their  protoplasm  exhibits  simply  a  nucleus,  with  grannies 
of  starch,  oily  matters,  and  other  ordinary  cell-oontents.  In  this 
respect  they  approach  the  fertile  cells  of  conjugating  Algte. 

Stntctnre. — In  their  simplest  forms  they  are  single  cells,  with 
a  proper  cell-coat  or  inline,  and  an  outer 
viiticalor  coat  or  extinr,  mostly  marked 
«itb  irregularities,  fonning  a  kind  of 
pattern  on  the  surface,  sometimes  very 
elegant.  In  particular  cases  the  outer 
(«at  is  laminated,  so  that  the  pollen-cell 
Appears  to  have  several  coats.  In  all 
casea  the  outer  coat  exhibits  one,  three, 
or  many  round  holes  or  slits  (poret) 
(fig.  602,  e),  where  the  inner  coat  is 
bare ;  in  the  pollen  of  Prusijlora,  Ciicur- 
Inta,  Ac.  there  exist  lid-like  covers  over 
the  pores  (fig.  602,  c).  Bands  or  fur- 
rows generally  passing  along  the  long 
diameter  of  the  pollen-cell  are  frequent, 
varying  in  number  according  to  the 
•pecies :  but  these  bands  are  generally 
only  visible  in  the  dry  state. 

Form  knd  Size. — The  form  and  size    .._._._.  ,      ,  _      

of  pollen-grains  vary  very  much,  as  may  "x^Mlt'i^^li^m-.  i'!'!^™ 
be  observed  even  in  the  few  examples  •«'«"«wa.  fomiii(r  rou-n-tohrt 
here  figured;    but  although  there  may    '"™*    *"  "    ^""^ 

be  a  general  lesemblance  throughout  particuliir  genera,  and  even 
Orders,  they  do  not  often  affonl  good  or  regular  systematic  cha- 
racters.    They  sometimes  vary  in  different  genera  of  the  same 
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order,  in  different  species  of  the  same  genus,  e.g.  FioZa,  and 
even  in  the  same  species,  e.  g.  Fuchsia^  firimtday  Mirmdus,  The 
most  frequent  cases  of  agreement  in  allied  plants  occur  whea 
they  possess  cotnpound  poUen-grains  (fig.  602,  6,  d),  oonsisting 
of  a  number  of  pollen-cells  permanently  coherent  together. 
The  most  striking  cases  of  this  are  those  offered  so  abundantly 
in  Orchidaces  and  Asdepiadaceae  as  to  form  valuable  systematic 
characters  in  these  Orders.  These  poUenr^masses  or  poUtnia  con- 
sist either  of  the  entire  mass  of  pollen  of  an  anther-oell,  or  of  a 
half,  quarter,  eighth,  or  smaller  fraction,  so  numerous  in  some 
genera  as  to  appear  like  granules  merely  coarser  than  ordinary 
pulverulent  pollen. 

Formfttion  of  PoUen. — ^The  existence  of  poUen-masses  and  oompoand 
grains  is  readily  accounted  for  by  the  history  of  the  deyelopment  d 
pollen,  which  agrees  in  the  main  points  with  that  of  the  spores  of  Moeses 
&c.  (p.  429).  The  parenchyma  in  the  central  region  of  each  lobe  of  a  youo^ 
anther  presents  two  perpendicular  rows  of  cells,  one  corresponding  to  each 
of  the  four  primary  loculi,  diflferent  in  character  from  those  which 
are  to  form  the  walls.  The  cells  in  these  series  multiply  by  divieion  to  & 
confflderable  extent ;  and  ultimately  each  forms  a  free  ceU  from  its  whole 
contents — the  parent  cell  of  the  pollen.  These  are  set  free  by  sohition  of 
the  walls  of  the  parenchymatous  framework  in  which  they  have  been  de- 
veloped, and  they  then  he  as  loose  cells  in  the  locuU  or  diambeis  of  the 
anther  thus  formed.  Each  parent  cell  divides  into  four  chambers ;  sod 
each  of  these  chambers  (special  parent  cells)  produces  a  poUen-cell,  in  the 
case  of  simple  pollen-grains  set  free  by  the  solution  of  the  special  parept 
cell.  In  quaternary  pollen  (fig.  602,  d)  the  membranes  of  the  special 
parent  ceUs  are  not  dissolved,  and  thus  the  poUen-cells  are  held  together 
in  fours  (  and  the  more  complex  conditions  arise  from  the  membranes  of 
the  parent  cells  of  anterior  stages  persisting  sufficiently  to  hold  their  pro- 
geny together.  The  mode  of  formation  of  the  poUen  in  the  special  fareot 
cells  is  by  some  attributed  to  cell-division ;  but  the  more  generally  adopted 
view  is  that  it  is  formed  bv  free-cell  formation.  The  nucleus  of  the 
parent  cell  divides  into  two ;  between  these  two  a  quantity  of  granules  ii 
protoplasm  are  aggregated  together  in  a  direction  across  the  parent  cell: 
these  granules  are  suddenly  seen  to  be  divided  by  a  line,  the  nrst  indica- 
tion 01  the  cell-wall  between  the  two  cells  so  produced ;  these  two  sgain 
subdivide ;  and  thus  four  pollen-ceUs  are  ultimately  found  m  one  parent 
cell.  The  pollen-masses  of  the  Asclepiadacess,  and  perhaps  of  some 
OrehidacesB,  result  from  a  different  process :  in  these  the  outer  layers  of 
the  primary  parent  cells  do  not  develop  cells  in  thdr  interior,  but  become 
conjoined  into  a  cellular  pellicle  forming  a  sac  or  purse  ftiwjmong  &]1  the 
pollen-grains  formed  within. 

The  poUen-cells  acquire  their  cuticular  coat  after  they  have  became 
free ;  but  part  of  the  material  of  this  structure  appears  to  1m  derived  from 
the  dissolved  membranes  of  the  parent  cells. 

Zostera  presents  a  remarkable  exception  to  the  usual  character  of  pol- 
len-grains, the  cells  here  having  the  form  of  short  cylindrical  filamepta 
with  but  one  coat,  ue.  without  a  cuticular  layer.     Li  these  a  rotatioD 
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(p.  549)  of  the  ceU-contents  may  be  observed,  which  is  likewise  occasion- 
allj  to  be  seen  in  recently  formed  pollen-tubes  of  other  plants.  The 
minute  starch-brains  of  the  cell-contents  are  noticeable  as  exhibiting  a 
molecular  motion^  which  was  at  one  time  imagined  to  be  of  vital  cha- 
racter, and  might  lead  the  inexperienced  to  suspect  the  existence  of 
mimite  spermatozoids. 

Examination  of  Pollen. — Pollen-grains  should  be  examined  first  as 
dry  or  opaque  objects,  as  their  form  and  dimensions  are  altered  by  en- 
doflmosis  when  immersed  in  fluids.  Oil  of  cloves,  syrup,  glycerine,  or 
naphtha  are  convenient  fluids  for  examining  pollen.  A  large  number  of 
pouen-cells,  illustrative  of  their  form  and  size,  are  given  in  the  '  Gardeners 
Chronicle,'  1876,  pp.  616  and  648.  The  discrepancies  in  the  descriptions 
siven  by  various  authors  depend  on  the  conditions  under  which  the  pollen 
15  examined.  In  the  anther,  and  immediately  after  expansion,  it  is  gene- 
rally globular,  but  it  often  speedily  assumes  quite  a  difierent  shape.  When 
the  pollen  is  transported  by  the  wind,  it  often  happens  that  the  flowers 
are  relatively  unattractive,  and  the  individual  noUen-cells  relatively  small 
and  smooth.  In  insect-fertilized  flowers,  on  tne  other  hand,  the  flowers 
are  attractive  and  the  pollen  spiny  or  furrowed  (Bennett).  Too  much 
stress,  however,  must  not  be  laid  on  this  point. 

Poll&nr^ains  of  Qymnospermia* 

The  pollen-grains  of  the  Gymnospermia  present  a  modification 
of  the  structure  above  described.  They  are  not  simple  cells,  but 
produce  in  their  cavity,  even  before  they  are  discharged  from  the 
anther,  minute  daughter  cells,  from  one  of  which  the  poUen-tube 
is  developed,  and  adherent  to  that  side  of  the  pollen-grain  where 
the  slit  exists  in  the  outer  membrane.  This  formation  is  analogous 
to  what  is  seen  in  the  microspores  of  Selaginella,  which  in  like 
manner  produce  a  rudimentary  prothcdlus  (p.  425). 

According  to  Schacht,  in  Tcuctis  and  Cupresms  the  poUen-ceU  only  di- 
Tides  so  as  to  form  two  unequal  portions,  of  which  the  larger  develops 
into  the  poUen-tube.  In  Larix  and  Abies  (fi^.  603)  the  pollen-grains  appear 
to  consist  of  a  central  and  two  lateral  cells  of  diflerent  appearance  to  the 
central  cell.  These  lateral  projections  are  often  finely  reticulated,  and 
are  mere  vesicular  protrusions  of  the  extine.  The  central  body  is  the  true 
pollen-cell,  in  which  cell-division  goes  on,  as  in  the  case  of  Cupressus  above 
mentioned,  but  with  the  diflerence  that  three  or  four  daughter  cells  of 
unequal  aze  are  produced  instead  of  one,  the  uppermost  and  largest  of 
these  new  formations  being  developed  into  the  polten-tube,  which  passes 
through  a  rent  in  the  extine,  the  other  forming  a  kind  of  suspensor. 
Strasburger  dissents  from  this  view,  and  says  that  there  are  never  more 
than  two  cells,  the  one  marked  q  being  a  simple  fissure  or  rent.  The 
poUen-tube,  according  to  him,  is  the  result  of  a  protrusion  of  the  intine 
and  not  of  the  whole  cell. 

Tchistiakoflrs  researches  into  the  mode  of  formation  of  the  pollen  of 
Conifers  are  remarkable  as  showing  varying  degrees  of  complexity  and  of 
transition  between  the  formation  of  new  cells  by  division  and  the  process 
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of  free-cell  formation ;  and  thej  estaltlish  an  homology  with  the  mother  ceDs 
of  the  antherozoidfl  of  Crypto^amB.  The  proceaeea 
are  somewhat  complex ;  out  if  the  lamination  of  •         ^^-  603, 
the  cuticle  and  cell-wall  he  home  in  mind  (p.  520),  -a 

and  the  differentiation  of  the  protoplasm  into  por- 
tions of  varying  denmty  (p.  495)  and  crystalloid 
form  he  rememhered,  the  stages  of  the  [process 
wiU  he  more  readily  understood  hy  the  student. 

TchistiakofTs  researches  show  that  the  poDen 
of  these  plants  is  divimble  into  two  groups,  those 
with   and  those   without   vesicular  protrusions 
or  air-bladders.    In  both  cases  the  mode  of  for- 
mation of  the  extine  is  identical.    In  both  cases 
it  consists  of  two  layers;  but  where  there  are  no 
air-bladders  the  two  layers  of  extine  are  formed 
simultaneously.     In  the  opposite  case  they  are  PoUen  of  Bpnoe  Fir.  ■fi«« 
formed  in  succession,  there  i>eing  at  first  between  Schacht:   M,  the  reaenkr 
the  two  an  interspace  filled  with  gelatinous  fluid,  S^^JifttJT^iS'ciu: 
which  absorbs  much  water  by  endosmosis.    The  which  derelofM  into  tbepoi- 
interspaces  therefore  become    much   distended,  ^fJJ'*?^«  **n^*iJr*of 'Uw 
and  \iltimately  form  the  air-bladders  attached  to  SSe  proSSlns  in  eontart 
the  grain,  the  fluid  contents  disappearing.    The  with  £e  intioa  (aeoordinc 
netrhke  markings  on  these  bladders  are  due  to  Jii®^,SSI^«to!B?)."^ 
the  remains   of   protoplasmic  threads  adherent 
to  the  extine.    As  to  the  division  of  the  pollen-cells  and  formation  of  % 
male  prothallus,  M.  Tchistiakoff  admits  three  type* : — 1,  that  of  CVmrewtw 
and  other  genera ;  2,  that  of  Larix  &c. ;  3,  that  of  Abies  &c.   In  all  cases 
the  starch  in  the  cells  becomes  dissolved,  the  cell-wall  (intine)  sweDa  up 
and  becomes  more  h  vgroscopic,  so  that  by  its  distention  it  throws  oft  the 
cuticular  extine,  wnen  the  pollen-tubes  begin  to  grow  or  gemiiiiate. 
While  these  changes  in  the  mtine  are  takiiig  place,  the  outermost  por- 
tion of  the  protoplasm  becomes  developed  into  a  separate  layer  of  globules 
or  crystalloid  masses  surrounding  the  whole  or  only  a  portion  of  the 
plasma  or  cell-contents.    The  formation  of  the  new  cells  may  take  pla^e 
simultaneously  with,  or  after,  the  ^fferentiation  of  this  peripheral  layer 
of  protoplasm,  whicn,  in  the  latter  case,  takes  no  part  in  the  diviaon. 

In  the  Cupressus  or  Thuja  tvpe,  the  pollen-cells  either  do  not  divide,  or 
each  divides  into  two  cells,  llie  starcn  is  dissolved,  the  nucleus  divides 
into  two :  of  these,  one  becomes  more  homogeneous,  denser,  and  more 
transparent  than  the  other,  and  resembles  the  homogeneous  beak  of  the 
zoospores  of  Algse.  Both  may  be  surrounded  by  the  layer  of  protoplasmic 
globules  just  described,  or  one  only. 

In  the  Lariv  type,  instead  of  two  subdivisions  of  the  plasma  only,  the 
two  first  formed  divide  again.  In  the  case  of  the  last  subdivision  a  por- 
tion of  the  plasma  becomes  denser  and  more  homogeneous,  as  in  th^ 
former  case.  In  Pinua  two  or  three  subdivisions  take  place,  the  cells  so 
formed  constituting  a  stupefucTf  the  cell-divieion  being  preceded  br 
changes  in  the  protoplasm,  as  in  the  case  of  Thuja,  The  third  ceU  v 
formed  subsequently  to  the  others,  and  is  of  a  hemispherical  form,  sepa- 
rated by  a  partition  from  the  second  cell  of  the  suspensor,  but  havisg  no 
direct  communication  with  the  cell-wall  or  intine  ]  nevertheless  the  mode 
of  formation  of  the  partition  is  the  same-   That  portion  of  the  protoplasm 
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in  contact  witli  the  partition  separating  it  from  the  second  cell  of  the  sus- 
nensor  now  secretes  a  cell-wall  over  the  hemispherical  portion  of  dense 
nompgeneous  protoplasm  found  in  that  situation,  and  the  new  cell  is 
formed. 

In  the  Abies  type  the  two  first  cells  of  the  suspensor  are  formed  as 
aboTO  indicated ;  hut  the  third  is  formed  by  true  free-cell  fom^ationy  and 
b  quite  detached  from  the  suspensor.  In  the  early  stages  it  is  Hke  that  of 
Pinus;  but  subsequently  it  may  become  completely  isolated  and  diyided 
into  seeondai^  and  terttary  suodiyisionsy  often  in  a  spiral  direction.  la 
the  germination  of  the  pollen-tube,  the  intine  of  the  larger  of  the  two 
cells  into  which  the  primitiye  one  diyides  alone  forms  the  tube.  In  JPimu 
there  may  be  more  than  one  pollen-tube,  in  either  case  yery  larffe.  In  it 
is  sometimes  formed,  by  free-cell  formation  around  a  nucleus,  a  large  ceD, 
which  becomes  ultimately  liberated  by  the  absorption  of  the  walls  of  the 
pjUen-tube. 

The  new  cells  formed  by  free-cell  formation  and  attached  to  the  sus- 
pensor, as  well  as  those  formed  freely  in  the  pollen-tube  in  the  course  of 
Its  formation,  are  to  be  considered,  according  to  this  author,  as  the  rudi- 
ments of  the  mother  cells  of  the  antherozoid,  the  presence  of  which 
Uofmeister  had  preyiously  suspected.  The  cells  of  the  suspensor  cor- 
respond precisely  to  the  cells  of  the  male  prothallus  of  laoetes. 

In  the  Phanerogams,  when  a  poUen-grain  falls  npon  a  stignui  in 
its  proper  or  "  receptive  "  state  (known  by  the  presence  of  a  sac- 
charine secretion),  the  inner  coat  is  protruded  in  the  form  of  a 
hlind  pouch  (fig.  602,  h)  from  one  or  more  of  the  pores  or  slits 
of  the  pollen-cell  itself,  and,  nourished  by  the  stigmatic  secretions, 
grows  into  a  tube  of  great  tenuity,  which  makes  its  way  through 
the  loose  stigmatic  cells,  and  passes  down  the  canal  of  the  style 
into  the  cavity  of  the  ovary,  there  following  the  course  of  the  pla- 
centas when  the  ovules  are  numerous. 

In  tiie  Gymnosperms  the  pollen-grains  fall  at  once  upon  the 
ovules  and  pass  into  the  micropyle,  sending  down  their  pollen- 
tubes  (here  developed  from  one  of  the  daughter  cells,  which  pene- 
trate through  the  proper  coat  of  the  pollen-cell)  into  the  sub- 
stance of  the  nucleus  of  the  ovule,  towards  the  deep-seated 
embryo-sac. 

• 

The  formation  of  imperfect  pollen-tubes  may  sometimes  be  caused  by 
placing  pollen-grains  in  syrupy  fluids ;  but  when  they  are  placed  in  dilute 
Milphunc  acid  sc.  the  extrusion  of  the  inner  coat  which  results  is  mostly 
a  process  of  mechanical  expansion,  and  the  projecting  pouches  soon  burst 
and  discharge  the  contents  of  the  cell,  owing  to  endosmotic  action. 

Ovules  of  Phanerogamia. 

The  ovules  pf  Phanerogamia  are  all  constructed  according  to 
some  modification  of  one  general  plan,  which  has  been  already 
described  (p.  137).  In  the  succeeding  paragraphs  some  further 
details  as  to  its  history  may  be  given. 
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Ovules  of  Oymnoipermia. 
The  ovules  of  the  GymooBpermB,  PinawsB  and  their  allies  and 
Cycadftcee,  are  produced  opon  open  carpels,  ao  that  the  poUen- 
eraina  have  direct  a^ress  to  the  micropyie  (fig.  607,  A,  o).  In 
Pinu*  two  of  the§e  occur  at  the  base  of  the  carpellary  scale.  EafK 
consists  of  a  nucleus  (or  macrosporange)  with  only  a  single  iote- 
gument  (fig.  605,  A).  In  this  first  figure  the  primary  embryo-sac, 
or  "  macrosporc,"  is  represented  in  the  centre  as  still  very  sm»ll. 
Before  the  pollen-graina  fall  on  the  micropyie  of  the  oTule,  the 

Fig.  604.  Fig.  605. 
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embiyo-Bac  becomes  filled  np,  by  free-cell  formation,  with  deliat^ 
cellular  tissue  (endosperm-cells),  which  soon  disappear,  to  be  re- 

5 laced  by  a  fresh  development  at  a  subsequent  period.  This  eo- 
ospenn  is  the  female  prothallus.  Fig.  605,  B,  represents  a  section 
of  an  ovule  with  an  embryo-sac  (e)  filled  up  in  this  way,  and  (no 
pollen-grains  which  have  penetrated  into  the  micropyie  (m)  pushiBg 
their  pollen-tubes  into  the  substance  of  the  nucleus. 

In  the  upper  part  of  the  mass  of  the  last  formed  endosperm  U\ 
from  five  to  eight  cells  are  found  to  expand  more  than  the  r^t. 
forming  tecondary  embryo-iacs  or  corpuseula.  These  are  not  fonnw 
in  the  superlictal  cells  of  e,  but  from  cells  of  the  second  layer,  m 
that  each  is  separated  from  the  membrane  of  the  primary  embrro- 
BRC  by  one  cell  (fig.  606,  A)  These  eorputeula,  as  they  were  Ailed 
by  Robert  Brown,  their  discoverer,  are  very  much  like  the  arehfr- 
gonia  in  the  interaal  prothallium  structure  of  Sila^ntlia.  Affer 
a  time  the  secondary  embiyo-saca  divide  into  an  upper  or  ned-aU, 
and  a  lower  or  central  cell,  egg  or  ootpkere.    The  neck-cell  speedily 
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divides  and  subdivides  to  form  the  rotftte,  which  Burmoimts  the 
central  cell.  In  the  upper  pari:  of  this  latter  is  then  formed,  from 
tubdivision  of  the  nucleue,  a  very  delicate  cell,  which  is  called  the 
canal-celL  The  mature  corpuscle  therefore  consists  of  a  large 
central  cell  surmounted  by  a  roaette  of  small  cells  placed  immedi- 
ate);  beneath  the  wall  of  the  primary  embryo-sac,  or  separated 
from  it  by  a  funnel-shaped  space.  The  pollen-tube,  after  remain- 
ing passive  for  a  variable  space  of  time,  takes  on  active  growth, 
traverser  the  endosperm,  and  arrives  at  the  embryo-sac  by  the  time 
Ibe  corpuscula  are  developed.  It  penetrates  the  wall  of  the  em- 
hryo-aac,  eaters  into  and  dilates  the  funnel-shaped  space  just 
mentioned,  passes  down  between  the  cells  of  the  rosette,  pushing 
them  on  oue  side  (Tarinea,  Capressintif),  or  canaiug  their  absorp- 
tion and  disappearance  (Ahietiiua)  as  well  as  that  of  the  canal-eelt, 
and  finally  penetrates  into  the  cavity  of  the  central  cell.  The 
dianges  which  take  place  in  this  latter  are,  according  to  Stras- 
t'lirger,  these  : — disappearance  of  the  original  nucleus,  and  forma- 
tion of  four  to  eight  new  nuclei  by  condensation  of  the  protoplasm 
and  subsequent  secretion  of  a  cellulose  wall  around  them.     In  this 


Drrfloiminit  of  embrro  in  Conifcni  (Kim*):  A.  nppef  purt  of  the  Miibrj-o.«iio,  with  two 
DDTpiHcii/ii  or  Krch«jronu  i  B»  thd  Mine  mon  adv&iuwd,  the  ri^ ht-btud  one  mith  ■  pol]«n- 
tnbfi  iptiiitita  fuul  mnd  nnniiuJ  cot|>ii«c1«  (d)  ht  thtf  bue;  C.  D,  B,  niocc«aiTV  sldcei 
of  dnelopmnt  ofa  in  B;  F,  O,  ir,dFtel<h»mFiitof  thpwcelltioto  imiwnAonimtthoond 
of  DDO  ufwbiuh  tbe  embrjo  H  pradiic«d«  tnown  in  1  (mj.    Mt^.  lOUdiam. 

way  four  to  eight  new  cells  are  formed  by  free-cell  formation  in 
ite  central  cell  after  fertilization ;  these  new  cells  divide  so  as  to 
lonn  cellular  filaments,  which  break  out  through  the  bottom  of  the 
endosperm  into  the  substance  of  the  nucleus  (fig.  600,  F,  Q-,  H). 
At  the  ends  of  these  hlaments  cell-diWsion  again  occurs  (I) ;  and 
from  the  apes  of  one  of  these  tuepensori  or  procmhryoa  is  developed, 
bj  repeated  cell-division  in  various  directions,  the  embryo  (I,  em). 
At  one  stage  (in  Thuja)  a  single  apical  cell,  the  terminal  one  of  a 
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group  of  five,  from  which  ultimately  all  the  tissnei  <4  the  embrro 
ue  formed,  recalls  the  single  apical  cell  of  Crrptoganu,  but  it  ia    , 
BOOH  lost  bj  subdivision.     As  theie  ue  several  corpiucles,  lad 
each  produces  four  suspeueon,  a  lai^  number  of  rudimentarj  on- 
brjofl  are  developed ;  but  usually  only  one  of  all  these  rudimesU    i 
is  perfected. 

That  embryo  which  is  folly  developed  gradually  incKMn  in 
■ise,  and  most  of  the  structures 
above  dbs cribed  disappear,  so 
that  the  ripe  seed  eibibits  a  sin- 
gle embryo  imbedded  in  a  mass 
of  endosperm  or  albumen  (Dg. 
607,  D),  the  latter  originating 
apparently  from  the  nucleus  of 
the  ovule.  The  radicle  is  covered 
bya^t^«or&t2a,  which  is  intimately 
tuended  with  the  substance  of  the 
endosperm. 

The  phenomena  pTeseDt«d  in  other 
Pinsceae,  in  Taxun,  and  in  the  Cy-     ,_        ,  ,   „      .   -  v ._    ij 

cadaceM  agree  in  moat  of  the  e*ea-     '^ZlT^^S^S^^   , 
tial  particulars.    There  sppear  to  be       of  npa  cow.  wiS  Hadi  (a),  o.  k  i^   ' 
„m,  .uriou.  ™rf»t,e.   to    tk.       STSli-iiSSl.fSJffiTt 
unetacete,  which  an  not  yet  com-       YoaocpUiit  from  KanDiutod  Bad. 
pletely  mode  out,     In  Wftviitchia, 

whose  anomalous  structure  has  been  described  at  pp.  137,  S63,  the  emttjo- 
sacs  grow  out  of  the  primaiy  embryo-sac  •. 

Ovuta  of  Angiotpermia. 

The  ewly  history  of  the  ovules  of  this  group  is  uialogoui  lo 
that  of  the  ovules  of  Gymnosperms,  eicepting  in  the  particnlv 
that  thw  arise  from  the  placentas  existing  in  closed  ovaries  io- 
Bteadof  being  developed  upon  the  exposed  surfaces  of  open  carpels- 

The  ovules  arise  from  the  placentas  as  minute  cellolar  papilte 
(fig.  608),  which  gradually  toke  form,  and  exhibit  the  regions  and  th:- 
mndifications  of  their  arrangement  described  in  an  earlier  section. 

The  annexed  diawing  (fig.  609) — actual  views,  drawn  to  a  scale,  of  tlie 
development  of  the  minute  ovules  of  Orehii — illustivtea  the  gradual  tof 
mstion  of  the  coats,  ftc.  Fig.  COll,  a,  represents  a  youi^  ovule  pTOJeclin? 
out  from  the  placenta,  before  it  has  become  anatropous ;  the  nucleus  b«re 
consists  msrel;  of  the  embryo-sac  surrounded  by  s  dngle  layer  of  («U*- 

■  For  fHirther  delaila,  which  the  realrietioai  impoMd  bj  the  iub  of  1^* 
volame  forbid  ub  to  enter  upon,  the  student  nhnuld  consult  Stnabxi^* 
'  Befruofatung  bri  dan  Oonirerm,'  fai*  '  Coniferen  und  QnataoeeD,'  and  npeiuUj 
hii  treatiM  '  ZeUbildung  und  Zelllheilung.' 
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which  IiLjer  is  absorbed  as  the  ovale  grows  (e,  i),  so  that  the  emhrj'o-Mc 
constitutes  the  whole  nucleus  of  this  ovule.  In  o  the  inner  integument 
partially  encloses  the  nucleus;  in  6  the  outer  integument  has  grown  up 
over  this  to  a  certain  eitent;  and  both  ore  still  more  developed  in  c, 
where  the  inner  coat  has  cov^^l  up  the  nucleus  (leaTing  the  endottotru, 
p.  137),  but  itself  projects  from  the  outer  coat.     In  d  the  outer  coat  has 


Fig.  609, 
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imbrTO-VK]  extnctfd,  with  thr«  K«niUDal 
'  f  pollBU'tabe  fedhenat    M*^.  i^ — ' 


grown  up  over  the  inner,  and  the  mieropj/le  or  foramen  (p,  137)  consists 
of  a  wide  exostome  and  a  narrow  endoslome,  int«  which  the  pollen-tube 
(71  (}  has  penetrated. 

Ovules  are  seldom  so  small,  or  composed  of  so  few  cells,  as  the  fore- 
going; more  frequently  the  nucleus  is  a  cellular  mass  of  some  size,  and 
the  coats  are  composed  of  several  strata  of  cells.  The  outer  coat  ts  the 
pHmme,  the  inner  the  leaatdine,  of  Mirbel. 

At  the  epoch  when  ihe  pollen  is  scattered  from  the  anthers,  the 
ovule  presents  the  chaiu^ra  which  are  illustrated  in  fig.  610, 
which  represents  the  anatropoos  ovule  of  the  garden  Hyttdntb. 
The  nncleuB  (fig.  610,  «)  is  surrounded  (in  this  case)  by  two  coats 
((  &  p),  which  are  perforated  above  by  a  canal,  the  micropyle  (m)  ; 
St  the  base  of  the  nucleus  is  vhe  chalazal  region  (e),  whence  the 
integuments  (s  •&p)  arise,  and  where  the  raphe  (r),  with  its  spiral 
vessels,  ends.    In  the  centre  of  the  nucleus  is  a  long  sac  («>),  the 
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Yertieal  aeotioin  of  th«  omle  of  the 
garden  HjptKdnth,  just  before 
impregaataon :  y,  fimioalitt:  r, 
im^he ;  e^  chaUia ;  n,  nackoi ; 
«,  inner  intcfnuBsnt;  f^  outer 
integument ;  m,  micropyle ;  m, 
embrjo-aac;  «»,  germinal  cor- 
paaolea,one  of  whi3i  gives  miffn 
to  the  embryo.   Magn.  25  diui. 


embryo-Bac.    It  is  a  large  cell,  filled  ^-  ^1^« 

with  watery  fluid  and  protoplasm,  and 

contains    at   its    summit   the  germinal 

corpuscles  (e  v),  globular  or  ovfd  masses 

of  protoplasm,  one  of  which  becomes 

the  germinal  vesicle. 

Some  authors  assert  that  these  corpuscles 
are  cells  before  impregnation ;  but  we  hold 
that  they  are  merely  corpuscles  of  proto- 
plasm, or  rather  free  primordial  utricles 
(p.  495),  like  the  unfertilized  8]^ore8  of  JFktcus 
(p.  443).  In  fig.  612,  A,  e  v,  is  shown  the 
condition  before  fertilization  in  Santahim. 
Most  observers  consider  that  the  terminal 
vesicles  exist  before  fecundation;  out  Tu- 
lasne  inclines  to  the  belief  that  they  are  the 
first  results  of  that  process.  In  some  cases, 
at  the  bottom  of  the  embryo-sac,  small  cells 
(antipodal  ceUs)  have  been  seen,  which  are 
formed  before  the  germinal  corpuscles  by 
free-cell  formation,  nave  only  a  temporary 
existence,  and  disappear  after  fertilization. 
The  purport  of  these  cells  is  not  known. 

Embryo-sac. — The  embryo-sac  is  usually  solitary,  but  in 
Crucifers  there  are  several,  one  of  which  alone  becomes  fertiliaed. 
It  exhibits  different  modes  of  development 
in  different  Orders  of  plants.  In  the 
OrchidacesB  the  cell  which  constitutes  the 
embryo-sac  (fig.  609)  very  soon  oblite- 
rates the  surrounding  cells,  here  a  single 
layer,  and  comes  to  form  the  entire  nucleus 
(c,  d^  e,  /).  In  the  Compositss  an  analogous 
condition  is  met  with.  In  the  Leguminos® 
the  embryo-sac  sometimes  expands  so  much 
as  to  cause  the  absorption  of  the  inner 
integument  even  before  fertilization.  In 
G-ymnosperms  the  embryo-sac  remains  sur- 
rounded by  layers  of  cells  belonging  to  the 
nucleus  till  after  fertilization  has  taken 
place. 

The  embryo-sac  often  only  occupies  a 
moderate  part  of  the  nucleus  (fig.  610), 
and  may  then  be  a  simple  cylindrical  or 
oval  sac,  or  run  out  into  pouches  or  diverti- 
ctda,  as  occurs  especially  in  ScrophulariaceiD. 
A  remarkable  condition  occurs  in  Santalace», 
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where  the  apex  of  the  embryo-sac  grows  out  from  the  micropyle  to 
meet  the  poUeix-tubes,  and  in  such  plants  as  Ephedra  or  Welwitschia, 
wherein  the  coat  of  the  ovule  is  prolonged  into  a  styliform  process. 
In  SarUalum  album  and  some  other  plants  the  embryo  is  developed 
entirely  outside  the  nucleus,  in  the  protruded  part  of  the  sac. 
8chacht  says  that  the  embryonic  vesicles  in  Santalum,  CrociM,  and 
a  few  other  genera,  are  much  elongated ;  the  lower  end  becomes 
rounded  ofE  into  a  cell,  while  the  other  end  projects  beyond  the 
embryo-sac  into  a  slender  tubular  prolongation  into  the  micropyle. 
The  sides  of  this  are  striated  and  gave  rise  to  the  appellation  j^Zt/orm 
appendage,  which  is  considered  by  Strasburger  to  correspond  with 
the  canal-cell  of  Cryptogams.  It  is  not  clear  whether  the  protru- 
sion just  alluded  to  is  really  from  the  embryo-sac  or  from  the 
germinal  vesicle. 

Paasage  of  the  Follen-tubeB. — ^When  the  pollen-tubes  are  formed 
in  the  stigma  they  gradually  elongate  by  growth  at  the  apex  into 
tabes  which  pass  down  the  canal  of  the  style  when  this  exists,  the 
latter  being  sometimes  several  inches  long.  The  time  occupied  in 
this  growth  varies  from  a  few  hours  to  several  weeks.  In  the 
Hazel-nut  and  other  similar  plants  the  pollen  falls  on  the  stigma 
io  spring  before  the  ovules  are  even  formed.  The  pollen-tubes 
derive  their  sustenance  from  the  tissues  through  which  they  pass, 
and  mostly  die  away  above  as  they  grow  below ;  and  the  stigma 
withers  soon  after  the  pollen-tubes  have  penetrated. 

It  is  remarkable  that  the  stigma  remains  fresh  for  a  considerable  time 
in  unfertilized  ovaries ;  and  in  the  occasional  cases  of  development  of  an 
unfertilized  ovule,  which  has  been  observed  in  some  dicecious  plants,  as 
Ccelebogyne,  Hemp,  Mercurialis,  &c.,  the  stigma  does  not  wither. 

PoUen-tabea. — ^The  pollen-tubes  are  exceedingly  minute,  the  diameter 
averaging  from  jl-^  or  t^^tj^  of  an  inch.  But  Amici  estimated  the 
number  of  pollen-tubes  formed  from  the  pollen-masses  of  Orchis  Morio 
&t  120,000.  Experiments  have  shown,  however,  that,  under  favourable 
circumstances,  a  very  few  pollen-grains  suffice  for  even  a  manv-ovuled 
ovary.  Kolreuter  found  that  when  25  pollen-grains  were  placed  on  the 
Btigma  of  Hibiscus  Trionum^  10-16  ovules  were  developed :  with  50  or 
^  grains,  above  30  ovules ;  and  1,  2,  or  3  at  the  most  sufficed  for  the 
single  ovules  of  MirabiUs  Jalapa  and  M,  longiflora. 

The  bundle  of  poUen-tubes  proceeding  from  the  style  is  distributed  in 
^tions,  or  partial  bundles,  to  the  placentas,  when  several  of  these  exist. 
The  pollen-tubes  make  their  way  to  the  points  of  the  ovules  (figs.  611, 
pf,  &  609,  dfpt),  and  one  or  two  enter  the  micropyle  of  each.  Gene- 
rally speaking,  tne  tube  ceases  to  elongate  when  it  reaches  the  outer  sur- 
face of  the  apex  of  the  embryo-sac.  Sometimes  it  runs  onwards  a  little 
^ay  (fig.  609,  ^),  often  depressing  the  membrane  of  the  embryo-sac  a 
little.  According  to  Hofmeister,  it  actually  breaks  through  mto  the 
embryo-sac  in  Canna,  In  all  cases  it  contracts  a  firm  adherence,  and 
possiDly  a  kind  of  conjugation  takes  place  (fig.  612,  B).    The  end  of  the 


634  FHTBIOLOeT. 

poUen-tnbe  is  alwajB  intMt  and  without  visibla  aperturM.    It  iMTa  am 
taiiu  any  cellulai  formation  within  it. 

The  ftrriral  of  the  poUea-tnbe  npon  the  surface  of  the  embiyo 
Kg.  012.  ¥ig.  613. 


Fit.  V]3.  Ap«  of  Iha  • 


imbrjo  fthd  wed  of  TtlrogonoloAur  pt 

wfaidh  io  thii  lUiEA  ij  idl  that  Ferowiu  of  (he  nnoleua ;  it,  btenw]  irtbgnmcsL :  '^ 

fDdicullu.  B.  Scdionof  hslf-rtpcKed,<Tith  iDMnulin(«gumiBtot>lJ(n*>«l>w 
the  cmbiTD-iK  llllFd  with  eiidoip«iii-c«lli:  «.  Dotjledoa:  ro.  ruliidE  of  U^e  «>- 
brfo:  JU,  hiJunj;  otUn-  rpfprenc««  *■  in  A.  (ThitwolJon  rrpmaiiU  ■  roodion 
which iiwmoMxf  in  &lbiimiiioUKFdi.>  C.  Bertioiiof^ripB  •wd.iBiiWiJil* 
KTOwlh  tf  (he  embrf D  liMobUtcnIed  ths  endoantnn.ud  tb«  •ndcnuiiliBFiflr 
af«nbrra>nil  tntu:  CbcktterlaaaspoHdortlH  peni>l<3it«ituBiliDt«nnal 
with  i(fl  «pidi;rm&l  Ujer. 

«  is  followed  by  the  development  of  one  (nurely  of  more)  of  the 
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germinal  corpuscles  (fig.  612,  A,  «  v)  into  the  germinal  cell  (fig. 
612,  B,  ev). 

In  Orekiit,  two  of  the  corpuscles  are  sometimes  deroloped  into  embryoe. 
In  OUrus,  as  may  be  readify  observed  ia  Oruige-pips,  two  embiyos  are 
Tery  frequently  formed  in  the  seed. 

Beirelopment  of  the  Embryo. — ^The  development  of  the  germinal 
cell  into  the  enibryo  exhibits  some  variations  in  different  cases. 
Most  frequently  the  cell  divides  transversely,  and  the  upper  cell 
often  elongates  (sometimes  dividing  again  by  septa)  so  as  to  form 
a  tubular  confervoid  filament,  proemhryo  or  auspensor^  hanging 
from  the  top  of  the  embryo-sac,  and  bearing  at  its  lower  end  the 
true  embryonal  cell,  which  soon  divides  transversely  and  lengthwise 
into  a  more  or  less  globose  mass  of  cells,  which  are  ultimately 
shaped  into  a  mono-  or  dicotyledonous  embryo.  This  suspensor  is 
seen  especially  in  Cruciferad,  Scrophulariacese,  &c. ;  it  is  a  single 
globular  cell  in  Fotamogeton.  In  Zea,  Fritillaria,  &c,  the  germinal 
cell  does  not  elongate  at  all.  In  OrMt  the  svispensor  grows  out 
from  the  micropyle. 

dumges  in  the  (hnle  during  Fertilization. — Different  changes 
are  undergone  by  the  parts  of  the  ovule  during  the  development  of 
the  embryo  (^g.  613).  In  aperispermic  seeds  the  embryo  in  its 
growth  destroys  all  trace  of  the  nucleus^  and  in  the  ripe  seed  lies 
immediately  within  the  coats.  In  seeds  with  endosperm  the  com- 
monest condition  is  for  the  embryo-sac  to  become  filled  with 
cells  which  are  moulded  over  the  embryo  internally,  and  to  expand 
extemaUy  until  the  surrounding  tissue  of  the  nucleus  disappears, 
or  remains  only  as  an  element  in  the  coats  of  the  seed.  The  tissue 
developed  in  the  embryo-sac  forms  the  endosperm.  In  Fiperacea), 
JSymphsaacesB,  and  a  few  other  cases  a  double  perisperm  is  formed, 
endosperm  being  formed  both  inside  and  outside  the  embryo-sac, 
the  latter  being  developed  from  the  tissue  of  the  nucleus. 

No  rules  can  be  given  for  the  homologies  of  the  ''  coats  ^  of  the  seed — 
the  testa  and  tegmen  or  endopUura, — which  are  formed  either  from  the 
primme  and  secimdme,  or  from  these  and  the  nucleus — ^and  sometimes  from 
one  alone  of  them,  its  tissues  undeigoing  a  difierent  development  in  dif- 
ferent layers. 

Fertilization, 

The  existence  of  distinct  sexes  in  plants  was  inferred  by  linnsus 
from  certain  arrangements  which  he  described,  and  which  would  fa- 
vour the  process  of  fertilization,  though  it  was  soon  seen  that  in  many 
instances,  as  in  the  case  of  bisexual  plants,  the  agency  of  the  wind 
or  of  insects  was  required  to  convey  the  pollen  to  the  stigma.  Ex- 
cept in  the  instances  just  alluded  to,  it  was  the  general  opinion  that 
setf-fertilizatiou  was  the  rule  in  hermaphrodite  flowers,  i,  e,  that 
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Fig.  614. 


the  stamens  of  any  given  flower  shed  their  pollen  on  the  stignia 
of  the  same  flower.  Sprengel,  however,  and  recently  Darwin,  have 
done  much  to  prove  that  though  a  flower  may  he  structurally  her- 
maphrodite, it  is  usually  functionally  hisexual,  and  that  a  greater 
number  of  healthy  seeds  are  produced  when  a  cross-fertilization 
between  the  stamens  of  one  flower  and  the  pistil  of  another  flower 
of  the  same  species  is  effected.  Darwin  even  states  that  in  those 
cases  where  self-fertilization  is  the  rule,  a  cross  occasionally  occurs. 

Heterogonous  flowers. — ^The  facts  just  mentioned  may  he  iIliistTated  hr 

the  case  of  the  common  Primrose,  the 

flowers  of  which  ai*e  dimorpJtic  or  ketero- 

styled  I  in  some  the  stamens  are  long  and 

protrude  beyond  the  corolla;  in  others 

the  style  is  long  and  projecting,  while  the 

stamens  are  concealea  within  the  coroUa. 

Asa  Gray,  in  order  to  emphasize  the  fact 

that  the  difierences  just  alluded  to  are  in 

the  androecium  and  gyn»cium,  and  not 

in  the  floral  envelopes,  or  in  one  set  of 

sexual  envelopes,  onlv  proposes  the  term 

heterogone  for  such  flowers.     The  most 

complete  fertility  ensues,  t.  e,  the  greatest 

numoer     of    fertile    seeds    is    formed, 

when  pollen  from  the  long  stamens  is 

made  (by  insect  agency  or  otherwise)    -  ,     . ,  .  ,  .  .^ 

to  pass,  not  on  to  the  short  style  of  the    ^*^^J£S"edT'f^'S^"S 

same  flower,  but  on  to  the  long  style  of  mem  inoliftded.  (Seen  in  (wctuB.) 

another  flower.    Other  plants,  such  as 

LyUirum  Saltcaria^  are  tnmorphtc,  having  styles  and  stamens  of  three  dif- 
ferent lengths.    Reciprocal  fertilization  is  possible  between  any  two  of 

these ;  but  the  most  perfect  or  legitimate  lertilization  occurs  when  the 
style  of  one  flower  is  impregnated  with  pollen  from  a  stamen  of  equal 
length  with  itself  belonging  to  another  newer.  Fertilization  occurnng 
between  stamens  and  pistils  of  different  len^hs  is  called  illegitimate. 

Mr.  Darwin^s  experiments  show  that  a  smiilar  diflerence  in  the  degree 
of  fertility  exists  in  the  case  of  the  iUesfitimate  unions  of  heterogooous 
flowers,  as  contrasted  with  legitimate  umons  between  flowers  of  the  same 
species,  as  is  manifest  between  hybrid  unions  between  two  distinct  species. 
For  instance,  there  is  the  same  or  a  similar  difliculty  in  effecting  a  fertile 
xuaon  between  different  sexual  forms  of  the  same  species,  between  a  aborts 
stamened  and  a  long-styled  Primrose,  for  instance,  as  there  is  in  efiectii^ 
a  imion  between  two  distinct  species.  The  union  may  take  place,  but  it 
will  be  either  infertile,  or  the  number  of  seeds  and  the  vigour  of  the  seed- 
lings will  be  diminished.  Hybrids,  then,  may  exist  not  only  between  two 
species,  but  even  between  differently  constituted  individuala  of  the  same 
species.  Sterility  of  hybrids,  then,  is  an  uncertain  distinctive  mark  of 
species.  Col.  Clarke  has  even  shown  that  the  hybrid  between  two  genera, 
iUisena  and  IwnenCy  is  fertile.  Mr.  Darwin  admits  two  subdivisions  of 
hermaphrodite  plants,  viz. : — 1,  heterostyled  or  ditrimorphic  flowen,  as  in 
the  Pnmrose ;  and  2,  ^*  deietogamic  "  flowers,  or  flowers  adapted  expressly 
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for  self-fertilization,  inasmuch  as  the  flowers  either  do  not  expand  or  their 
buds  are  inconspicuous^  and  thus  offer  no  attractions  to  insects.  Such 
flowers  are  very  common  on  Violets,  though  commonly  overlooked.  They 
yield  more  numerous  seeds  than  the  hri^hteixsoloured  flowers. 

Moncedous  plants  like  the  Hazel,  which  have  the  sexes  in  different 
flowera  on  the  same  plant,  may  be  subdivided  into  two  classes,  according 
as  the  anthers  are  npe  before  the  pistil,  or  vice  versd,  the  object  clearly 
being  to  favour  the  cross-fertilization  of  different  plants.  Many  herma- 
phrodite (structurally)  flowers  are  organized  in  a  similar  manner. 

DuBcioua  plants,  or  those  with  the  flowers  of  the  two  sexes  on  different 
plants,  must  necessarily  be  cross  fertilized,  and,  as  we  have  just  seen,  many 
plants  structurally  monoecious  are  rendered  practicall^r  dioecious  by  the 
oiff erent  times  at  which  the  stamens  and  pistils  respectively  come  to  ma- 
turity.    Among  dioecious  plants  the  difference  between  the  sexes  is  some- 
times remarkably  great :  tnus  among  Restiacess,  sedge-Uke  weeds  of  Aus- 
tralia and  the  Cape,  it  sometimes  happens  that  the  male  and  female  plants 
of  the  same  species  are  so  different  that  the  female  much  more  closely 
resembles  the  male  of  a  totally  different  ^enus  than  it  does  the  male  of 
its  own  species.    Of  course  this  applies  only  to  the  general  habit  and  ap- 
pearance of  the  stem  and  foliage,  and  not  to  the  intimate  structure  of  the 
iowera.    Lastiy,  we  come  to  pclygamouB  flowers,  which  Mr.  Darwin 
divides  into  two  subgroups,  according  as  the  three  sexual  forms  are 
found  on  the  same  individual  or  on  distmct  plants.    Of  the  latter  case  the 
Ash  is  an  example ;  some  trees  bear  in  some  seasons  male  flowers  only, 
others  female  flowers  only,  and  others  hermaphrodite  blossoms.   The  Ash, 
then,  may  be  classed  as  trioecious.   On  the  otner  hand  the  common  Maple 
bears  all  three  sorts  of  flowers  on  the  same  tree,  and  is  thus  monoBciously 
polygamous.    Other  polygamous  plants  may  be  grouped  into  gyruh-her-^ 
maphradilea,  inasmuch  as  they  exist  under  two  forms — one  of  which  bears 
female  flowers  only,  the  other  hermaphrodite  flowers,  as  in  the  common 
Thyme.    Some  of  the  Ghenopodiums  bear  on  the  same  plant  hermaphro- 
dite and  female  flowers,  and  may  therefore  be  called  gyntMnoncecums,    On 
the  other  hand  there  are  ''  andro-monacioua  "  plants,  or  plants  bearing  on 
the  same  individual  male  flowers  and  hermaphrodite  flowers,  in  some 
species  of  OaUum,    No  case  seems  to  be  known  of  andro-diasciotts  plants, 
or  plants  producing  hermaphrodite  flowers  on  one  individual,  and  males 
on  another. 

In  the  case  of  the  sexually  dimorphic  flowers  the  poUen-cells  are  some- 
times different  in  size  in  the  long  and  short  stamens  respectively.  At 
other  times  no  such  difference  can  be  detected,  and,  as  a  rule,  there  is  no 
relation  between  the  size  of  the  pollen  and  the  length  of  the  style. 

Heterogenous  flowers  are  stiu  the  exception.  Mr.  Darwin  points  out 
that  flowers  already  adapted  by  their  structure  for  cross-fertilization 
by  insect  agency  do  not  need  to  become  heterogenous ;  hence,  so  far  as  is 
laiown,  there  are  no  heterogenous  flowers  in  Orchids,  Labiates,  Legumi- 
noa»,  and  other  large  orders,  the  conformation  of  whose  flowers  is  adap- 
ted to  insect  agency. 

Though  cross-fertilization  is  thus  shovni  to  be  advantageous  and  very 
general,  yet  there  are  some  cases  where  every  adaptation  seems  to  be 
made  with  the  view  of  securing  self-fertilization,  as  in  the  cleidogamic 
flowers,  above  referred  to.  In  Dombeya  the  staminodes  or  sterile  sta- 
mens are  longer  than  the  fertile  ones,  and  are  endowed  with  a  power 
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of  moTement  in  Tirtue  of  wbich  they  curve  downwards  and  oatwsrds, 
BO  as  to  come  into  contact  with  the  fertile  stamens,  whose  anthers  open 
outwardly.  In  this  manner  the  staminodes  become  dusted  with  pollen, 
and  then  become  uncoiled,  assume  an  erect  position,  so  as  to  come  into 
contact  with  the  stigma,  whose  curling  lobes  twist  round  them  and  reodve 
the  pollen  from  them. 

Hudebrand  gives  the  following  arrangement  of  the  distribution  of 
sexual  relations  in  flowering  plants : — 

A.  Male  and  female  organs  in  different  flowers  (diclinous) ;  self-f erdlizft- 

tion  consequently  impossible,  and  f orei^  impregnation,  aocbmplidhed 
by  insect  agency  or  wind,  indispensable.  Under  this  head  are  in- 
cluded the  flowers  of  dioecious  and  monoecious  plants. 

B.  Male  and  female  organs  in  the  same  flower  (monodinous). 

1.  One  sex  developed  before  the  other  (dichogatnotta).    Those  flowers 

in  which  the  male  organs  reach  maturity  before  the  female  ones  are 
called  protandrous,  and  those  in  which  the  female  reach  maturity 
before  the  male  protogynous ;  self-impregnation  is  thus  naturallj 
prevented,  and  fertilization  is  accomplished  by  insect  agency. 

2.  Both  sexes  developed  at  the  same  time, 
a.  Flowers  opening. 

i.  Anthers  remote  from  the  stigma. 

A.  Length  of  style  on  different  individuals  of  the  same  species 

diverse  {Hetero9tyUa\  Self-impregnation  is  not  prevented; 
but,  in  comparison  with  impregnation  through  insect  sgeDCTf 
it  is  either  entirely  useless  for  seed-formation,  as  in  iVi^ 
monaria  officinaliSf  or  effected  only  with  unimportant  results, 
as  in  Primula  sinensis, 

B.  Length  of  style  on  different  individuals  of  the  same  species 

equal, 
o.  sexual  organs  chang^nff  their  reciprocal  position  durii^  tbe 
development  of  the  flower.    Self-impregnation  avoided; 
impregnation  by  means  of  insects  facilitated. 
00.  Sexual  organs  remaining  unaltered  in  position  during  tbe 
development  of  the  flower, 
t  Insect  agency  necessary  to  fertilization ;  self-impregnation 
in  fact  impossible,  foreign  aid  indispensable,  as  in  Or^ 
chidese ;  or  self-impregnation  possiblst  but  not  indi^- 
pensflible,  foreign  impregnation  more  frequent,  as  in 
AsdepiadecB. 
tt  Insect  agency  not  necessary  to  fertilization.    Self-im- 
precation possible,  but  impregnation  also  peifonned 
Dy  insects. 

(The  possibility  of  self-fertilization  is  evident — 1,  where  the  flowers  are 
erect  and  the  filaments  are  longer  than  the  styles,  as  in  FitiSf  Chenopodiinnj 
&c, ;  2,  where  the  flowers  are  pendent  and  the  filaments  are  shorter  than 
the  styles,  as  in  FritiUaria  imperialism  ConvaUaria  mq/alis,  &c. ;  but  as  all 
these  flowers  are  visited  by  insects,  cross-impregnation  probably  often 
takes  place.) 
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iL  Anthers  near  the  stigma. 

•  No  fruit  formed  without  impregnation  by  insects :  CorydaUs 
cava, 

(It  would  scarcely  have  been  deemed  credible  that  self-fertilization  was 
imposoble  in  such  an  instance  as  Cotydalis  cava,  where  the  anthers  are 
closely  appressed  to  the  stigma,  and  in  which  self-impregnation  appears 
inevitable.  In  his  experiments,  however,  Hildebrand  discoverea  that 
when  this  plant  was  secured  from  the  visits  of  insects,  and  also  when  the 
pollen  was  artificially  applied  to  the  stigma  of  the  same  flower,  no  fruit 
was  set.  To  obtain  periect  fruit  he  found  it  necessary  to  impregnate  the 
Btigmas  of  one  plant  with  pollen  from  another.) 


•• 


Fruit  formed  as  a  result  of  self-impregnation,  but  impregnation 
by  insects  not  excluded. 

(Instances  of  undoubted  self-fertilization  of  individual  flowers  are  known 
in  the  genus  JVmarta,  in  Salvia  hirmday  Linum  tuUatissimumj  Cephalanthera 
frrondtfloraf  Ophrys  apifera,  &c.;  but  the  number  and  quality  of  seeds 
borne  is  less  than  where  cross-impregnation  is  effected.) 

0.  Flowers  not  opening  (deittogamowi). 

Self-impregnation  alone  results,  every  foreign  impregnation  being  ex- 
cluded ;  but  these  plants  all  have  other  flowers  which  open  and  are  thus 
exposed  to  the  possibility  of  extraneous  impregnation. 

The  general  conclusions  that  may  be  drawn  from  the  above  facts  are 
thus  given  by  Hildebrand: — 1.  Tne  arrangements  in  the  majority  of 
flowers  are  such  that  no  self-impregnation  takes* place,  but  a  trans- 
port of  the  pollen  from  flower  to  flower  is  accomplishea  instead.  2.  Insects 
are  necessair  in  most  cases  for  the  conveyance  of  the  pollen.  3.  When 
the  access  of  a  flower*s  own  pollen  is  prevented,  it  necessarily  follows  that 
self-impregnation  is  impossible.  4.  In  those  cases  where  self -impregna- 
tion is  possible,  or  even  unavoidable,  the  possibility  of  foreign  impregna- 
tion ia  for  the  most  part  not  excluded.  5.  In  these  cases  insects  are 
active,  and  accomplish  the  impregnation  of  the  flowers.  6.  There  is 
probably  no  flowering  plant  to  which  access  of  foreign  pollen,  at  least 
to  a  portion  of  its  flowers,  is  possible,  and  continued  self-impregnation 
slone  possible;  therefore  no  nowering  plant  which  furnishes  a  proof 
against  the  general  law  which  negatives  self-fertilization,  7.  By  experi- 
ments it  has  been  found  that  where,  by  accident  or  design,  the  pollen  of 
a  flower  falls  on  the  stigma  of  the  same  flower,  fertilization  either  does 
not  follow,  or,  when  it  does  occur,  the  quantity  of  seed  is  less  than  where 
foreign  pollen  is  employed.  8.  A  gradual  transition  may  be  traced,  start- 
ing from  those  cases  where  self-impregnation  is  utterly  impossible,  to 
those  where  it  is  possible  and  evident,  but  not  to  the  exclusion  of  the 
possibility  of  a  foreign  impr^ation  of  the  flowers.  9.  The  sexual 
relations  and  mode  of  fructification  do  not  invariably  tend  towards 
the  morphological  affinities  of  the  flowers.  In  some  isolated  families 
the  sexual  conditions  of  all  members  are  alike ;  in  other  families,  a^n, 
and  even  senera,  they  are  essentially  diflerent.  The  sexual  relations, 
therefore,  nave  not  developed  with  equal  pace  and  in  the  same  way  as  the 
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morphological  relations  in  the  transformation  and  perfection  of  flowering 
plants. 

The  inferences  drawn  by  Darwin,  Hildebrand,  Delpino,  and  other?, 
however,  have  lately  been  questioned  by  Henslow,  whose  condusioos  are 
as  follows : — 1.  The  majority  of  flowering  plants  are  self -fertile.  2.  Very 
few  are  known  to  be  physiologically  self-sterile.  3.  Many  are  morpholo- 
gicaUy  self-sterile.-  4.  Self-sterile  plants  become  self-fertile  (a)  by 
withering  of  the  coroUa;  (b)  by  its  excision;  (e)  loss  of  colour;  (d) 
closing;  (e)  not  opening ;  (/)  absence  of  insects;  (ff)  reduction  of  tem- 
perature; (h)  transportation.  6.  Highly  self-fertile  forms  may  ari^ 
under  cultivation.  6.  Special  adaptations  occur  for  self-fertifizatioiL 
7.  Inconspicuous  flowers  are  highly  self-fertile.  8.  Cleistogamous  flowers 
are  alwavs  self-fertilized.  9.  Conservation  of  enei^  in  reduction  of 
pollen.  lO.  Relative  fertility  may  equal  or  surpass  that  of  crossed  piant^. 
ll.  It  does  not  decrease  in  successive  generations.  12.  It  may  incresee. 
13.  Free  from  competition,  self-fertilized  plants  equal  the  intercrossed 
(a)  as  seedlings,  (b)  planted  in  the  open  p'ound.  14.  They  may  gain  no 
benefit  from  a  cross  from  the  same  or  a  diflerent  stock.  15.  They  are  as 
healthy  as  the  intercrossed.  16.  They  may  be  much  more  productive 
than  dowers  dependent  on  insects.  17.  Naturalized  abroad  they  gain 
great  vigour,  ana,  18,  are  the  fittest  to  survive  in  the  struggle  for  Me. 

As  regards  the  question  of  self-fertilization,  or  cross-fertilization,  and 
their  respective  consequences  favourable  or  otherwise,  it  would  seem  that 
both  the  views  above  cited,  diflerent  as  they  seem,  may  be  correct.  What 
is  now  required  is  a  series  of  experiments  and  observations  to  aecert^ 
under  what  precise  circumstances  each  method  of  fertilization  is  adopted 
and  the  reasons  and  consequences  thereof. 

Hybridization. 

Oro88-breeding. — The  treatment  of  the  subject  of  the  sexual  reproduc- 
tion of  Plants  would  be  incomplete  without  some  notice  of  the  pheno- 
menon of  hybridmUion,  or  cross-breeding  between  distinct  species  of 
plants. 

From  the  difficulties  arising  partly  from  the  minute  size  of  the  stnic- 
tures,  partly  from  the  comparatively  recent  date  of  any  accurate  know- 
ledge of  the  sexual  organs  of  Ci^ptogams,  we  are  at  present  only 
acquainted  with  a  few  certain  facts  m  reference  to  the  cross-breeding  of 
species  in  that  Subkin^om.  It  has  lon^  been  known,  however,  that  in 
collections  of  cultivated  Ferns  forms  spnng  up  from  time  to  time  pre- 
senting new  characters,  more  or  less  intermediate  between  well-known 
naturfd  species ;  and  these  have  been  commonly  accounted  hybrids.  The 
discovery  of  the  phenomenon  of  fertilization  on  the  prothfQlia  of  Ferns 
gives  a  new  support  to  the  supposition  that  such  plants  are  hybrids, 
although  the  question  is  still  insiifficiently  supported  by  evidence. 

CroM-breedlnflr  in  Algae. — We  possess,  however,  some  facts  of  import- 
ance on  this  subject  relating  to  the  Fucaceous  Algse.  Thuret  took 
advantage  of  the  extnudon  of  the  germ-ceUs  and  spermatozoids  in 
Fuc€U%8d  before  impregnation  to  collect  these  separately  and  experi- 
ment on  the  degree  to  which  hybridization  was  possible,  rle  found  that 
spermatozoids  of  Fucus  serraius  and  F,  vesiculoau  would  not  fertifize  the 
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vporee  of  OzothaBia  vulgaris,  and  vice  versd.  Neither  could  the  spores  of 
Hinumthalia  lorea  be  fertilized  by  OzothalUa  vulgaris  or  Fucus  serratua, 
nor  the  spores  of  JFWim  serrattis  by  the  spermatozoidis  of  F,  vesiculostu. 
But  the  spores  of  F,  vesictdosus  impregnated  by  the  sperm&tozoids  of  F, 
serrattts  became  fertile  and  ^rminated ;  which  fact  is  tne  more  interesting 
eince  F.  vesiculoms  is  a  variable  plant  in  its  natural  state,  while  the  others 
named  exhibit  comparatiye  fixity. 

CroflB-lireediziflr  In  FhanerognuiA. — ^The  existence  of  hybrids  in  Phane- 
rogams, produced  by  impregiiatinff  the  ovule  of  one  plant  with  the  pollen 
of  another,  is  a  well-ascertained  fact ;  and  indeed  hybrids  are  produced 
at  willy  within  certain  limits,  bv  gardeners. 

It  is  necessary  to  distinguish  nere  between  true  hybrids ,  or  mules ,  result- 
ing from  the  crossing  of  distinct  species,  and  simple  cross-breeds  (or  metis) 
commonly  included  under  the  name  of  hybrids  by  gardeners,  and  resulting 
from  the  crossing  of  varieties  (p.  159)  of  the  same  species.  It  is  from  the 
last  operation  that  the  great  majority  of  the  "  hybrids  "  produced  in 
favourite  florists'  flowers,  such  as  Pelargonium,  Fuchsia,  &c.,  are  derived— 
this  cross-fertilization  usually  presenting  little  difficulty,  and  commonly 
occurring  naturally  where  large  quantities  of  varieties  are  grown  together. 

The  ready  cross-fertilization  of  varieties  spontaneously,  places  great 
difficultv  in  the  way  of  growing  the  varieties  of  cultivated  vegetables  for 
seed,  the  different  varieties  of  the  Cabbage,  Turnip,  Pea,  &c.  are  diffi- 
cult to  preserve  pure  as  seeding-plants  in  Laii^e  gardens  or  seed-growing 
e^itablishments,  from  the  fact  of  insects  and  the  wind  carrying  the  pollen 
from  plant  to  plant. 

True  hybrios,  as  a  rule,  subject  to  some  remarkable  exceptions,  such 
aa  PkUageria,  Elisena,  and  Ismene,  &c.,  can  only  be  produced  between 
plants  belonging  to  the  same  genus.  When  they  are  more  diverse  than 
this,  they  will  usually  not  cross ;  and  even  within  the  limits  of  genera, 
species  will  not  always  breed  together. 

Generic  difference  in  Flowering  plants  usually  involves  difference  in  the 
Btructore  of  the  reproductive  oi^nins,  the  size  of  the  pollen -tubes,  &c. ;  we 
are  therefore  not  surprised  at  the  above  statement ;  numerous  instances, 
however,  occur  of  the  refusal  of  nearly  allied  species  to  cross,  where  we 
cannot  detect  any  structural  dif^rences  between  them.  It  has  also  been 
shown  that  in  heterogonous  flowers  (p.  6«36)  the  different  forma  of  the 
same  species  are  more  or  less  sterile  when  intercrossed. 

The  tendency  to  cross-breeding  is  less  common  than  is  frequently  sup- 
posed. Gsertner,  the  greatest  experimental  authority  on  this  point, 
states  that  in  10,000  sets  of  experiments,  carried  on  during  many  years, 
he  only  obtained  269  true  hybrids.  It  is  found  imposnble,  for  example, 
to  cross  the  Gooseberry  and  the  Currant  (two  species  of  Bibes),  the  Apple 
and  Pear  (two  species  of  Fyrus)^  the  Blackberry  and  Kaspbeny  (amed 
species  of  Bubus),  &e. 

Besides  this  peculiar  indisposition  to  hybridize,  there  exists  an  obstacle 
m  nature,  in  the  greater  facility  with  which  an  ovule  receives  the  influ- 
ence of  its  own  pollen ;  Gadrtaer  describes  this  phenomenon  under  the 
name  of  elective  affinity,  stating  that  when  the  natural  pollen  and  that  of 
another  spedes  are  placed  upon  a  stigma,  the  f oreiffn  pollen  remains 
inert :  ana  even  when  the  natural  pollen  is  applied  a  little  time  subee- 
qaen^y  to  the  foreign  pollen,  it  acquires  the  supremacy,  and  the  embiyos 
prove  true,  and  never  hybrids. 

2t 
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Hybrid  Plants. — When  species  are  crossed,  the  result  from  the  hybrid 
seed  is  a  plant  differing  from  both  parents,  bearing  more  or  less  relation 
to  one  or  the  other,  as  regards  form  and  habit,  in  different  cas^s. 
Gardeners  do  not  appear  Pgreed  as  to  the  kind  of  influence  exerted  by 
the  male  and  fem^e  parents  respectiyely  in  determining  the  charac- 
ter of  the  mule.  Geertner  states  tnat  in  nybrids  of  DiffitaHs  the  mules 
most  resembled  the  female  parent,  while  in  NicoUana  the  revei^ 
appeared ;  and  he  believes  no  law  can  be  laid  down  in  regard  to  this 
pomt. 

The  seeds  ripened  after  hybridizing  generally  form  but  a  fraction  of 
those  matured  imder  natural  circumstances.  Thus,  according  to  Gsertner. 
hybrids  of  Verhascum  Lychnitia  with  V,  nigrum  gave  but  63  per  cent, 
of  the  normal  number,  with  V,  ThapgM  21  per  cent.,  with  V.  pyrann- 
datum  3  per  cent. ;  hybrids  of  Dianthus  barbatus  with  2>.  Armeria  53  per 
cent.,  with  D.  deltoides  22  per  cent.,  with  2).  virgineus  1  per  cent.,  iac 
Parwin,  however,  shows  that  the  sterility  of  crofised  species  as  well  as 
that  of  their  offspring  varies  from  zero  to  complete  fertility.  Moreover 
dioecious  nlants  appear  less  prone  to  hybridize  than  those  with  henna- 
phrodite  nowers. 

The  seeds  originating  from  a  process  of  hybridization  produce  plants 
varying  very  much  in  tneir  degrees  of  fertility.  It  appears  that  the  mar- 
jority  are  barren ;  in  many  cases  only  a  portion  of  the  seeds  formed  pro- 
duce fertile  plants ;  while  in  a  few  cases  the  hybrid  plants  are  nearly  as 
fertile  as  those  of  their  parent  species  when  unmixed.  Some  species  can 
be  crossed  readily,  but  tne  hybrids  resulting  are  very  sterile ;  on  the  other 
hand,  some  plants  crossed  with  difficulty  yield  very  fertile  ofisprin^. 
The  degree  of  sterility  differs  in  two  species  when  reciprocally  cro^ei. 
It  is  observed,  also,  that  in  fertile  hybria  plants  the  flowers  earliest  opened 
are  the  most  fertile,  or  sometimes  are  the  only  ones  that  ripen  seed,  sub- 
sequent flowers  often  developing  fruits  the  seed  of  which  are  destitute 
of  an  embryo. 

This  barrenness  of  the  later  flowers,  from  deficient  vital  force,  is  in 
some  degree  analogous  to  what  we  sometimes  observe  in  cut  floweriiig 
stems  of  succulent  plants.  We  have  seen  the  ovary  swell  and  one  ot 
more  seeds  become  extensively  developed  on  a  cut  spike  of  Aloe  and  on 
an  umbel  of  Otmim,  thrown  aside  to  wither.  The  seeds,  however,  wei« 
quite  '^  blind,''  the  expansion  consisting  of  an  abnormal  development  of 
tne  integuments  of  the  ovule,  the  nucleus  and  embryo-sac  remaining  un- 
changed. 

Relatlye  Fertllitj  of  Hybrlda. — In  some  fertile  hybrids  it  is  observed  that 
their  progeny  forming  the  second  and  third  generations  become  more  fer- 
tile than  the  original  nybrid ;  it  is  noticed,  however,  that  their  descendants 
usually  exhibit  a  great  tendency  to  vary  in  external  character,  and  often 
return  more  or  less  to  the  type  of  one  ot  the  parents. 

Hybrid  characters  seem,  from  the  researches  of  Naudin,  not  to  be 
permanent.  The  plants  revert,  as  above  said,  to  the  type  of  one  or 
the  other  of  the  parents.  What  are  termed  *^  sports  "  by  gardeners,  t.^ 
shoots  differing  m  character  from  those  on  the  other  portions  of  the 
plant,  are  frequently,  but  not  always,  due  to  the  dissociation  of  hyhiid 
or  metis  characters,  or  they  may  present  the  characters  of  some  moie 
remote  ancestor. 
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SevwBlon. — ^The  impregnation  of  tlie  ovuks  of  hybrids  by  the  pollen  of 
plants  of  either  parent  species  produces  more  fertile  seeds  than  are  formed 
after  self-fertilization  of  hybrids.  The  progeny  in  such  cases  return  more 
or  less  to  the  parent  type,  on  the  side  from  which  the  pure  pollen 
comes,  and  by  a  repetition  of  such  fertilization  the  hybrid  characters  are 
l(»t  in  a  few  generations.  .,    ,   .^ 

It  is  an  interesting  fact  that  the  oTules  of  hybnds  are  sometmaes  more 
freely  fertilized  by  pollen  of  a  strange  but  pure  species,  than  by  their 
own :  thus  the  hybrid  Nicotiana  panicidato-rustica,  which  usually  did  not 
ripen  more  than  13  good  seeds  m  a  capsule,  produced  with  the  pollen 
oiN.  paniculata  36,  with  N.  rustica  20,  and  with  the  pollen  of  K  Langs- 
dorfii  (a  totally  new  element  in  the  crossing)  16.  In  another  experiment, 
when  this  hybrid  produced  no  seed  by  self-fertilization,  10  good  seeds 
resulted  from  crossing  with  N.  Lanpsdorfii,  (For  a  general  review  of  the 
subject  of  Hybridization,  see  Darwin,  *  Variations  of  Animals  and  Plants, 
k.  2,  vol.  iL  p.  lo7,  and  Anderson  Henry,  Proc.  Soc.  Bot.  Edinburgh, 

A  curious  phenomenon  has  been  observed  in  the  garden  plant  called 
Cutims  Adami,  obtained  either  by  grafting  or  by  true  hybridation  of  the 
two  kinds  of  Laburnum,  Cytims  Laburnum  and  C.  purpureus.  The 
plants  in  many  instances  exhibit  a  partial  separation  or  dissolution  of 
the  hybrid  characters  in  the  products  of  different  leaf-buds :  on  the  same 
tree  in  which  part  of  the  branches  bear  blossom  of  the  hybrid  character, 
other  shoots  occur,  some  of  which  revert  to  the  character  of  OytisuB 
Laburnum,  others  to  that  of  C.  purpureus,  the  other  parent.  In  some 
of  the  shoots,  moreover,  unequally  combined  characters  of  the  parents  are 
observed  in  different  flowers  of  the  same  raceme. 

In  some  cases  it  has  been  found  that  the  reverted  or  pure  shoots  bear 
perfect  seeds,  while  the  hybrid  blossoms  were  barren.  ,    ,   . , 

Cytims  Adami  has  generally  been  supposed  to  be  an  ordmary  hybrid  ; 
but  It  has  recently  been  stated  that  it  origmates  when  C.  pumireusiA 
emfted  on  Cytims  Laburnum,  offering  thus  an  instance  of  affection  of 
the  stock  by  the  scion  analogous  to  that  of  the  variegated  Jasmine  and 
Abutihn  referred  to  pre\nously  (p.  618).  If  this  prove  true,  it  will  be 
a  most  important  physiological  fact,  opemng  up  a  very  mterestin^  held 
for  experiment,  and  likely  to  lead  to  practical  results  of  hiffh  value  m  the 
cultivation  of  fruit-trees.  Certain  sports  of  Roses  have  also  been  accounted 
for  on  the  supposition  that  they  have  ori^ated  as  praft-hybrids ;  but 
the  evidence  on  the  point  is  not  as  yet  sufficientij  conclusive. 

In  some  cases  the  action  of  hybnd  pollen  is  made  manifest  m  the 
Droduction  of  changes  in  the  envelopes  of  the  seed,  and  even  in  the 
aonearance  of  the  fruit,  so  that  the  influence  has  been  exerted  not 
onlvon  the  ofepring  but  also  on  the  mother  plant.  As  an  illustration 
may  be  cited  the  case  recorded  by  Vihnorin  of  a  yellow-seeded  Maize 
nrodudnff  black  seeds  when  crossed  with  pollen  from  a  black  variety. 
Such  cases,  however,  require  strict  scrutiny.  (See  Laxton,  Proceedings 
Intemat.  Bot.  Congress,  London,  1866,  P.  166,  and  Clarke  in  the  same 
volume  p.  143 ;  Darwin, '  Animals  and  Plants  under  Domestication,'  ed.  2, 
p  427  •'  Maximowicz,  as  translated  by  Dyer  in  Joum.  Hort.  Soc.  London, 
;;l  iiL'p.  161, 1872.)  ^  ^  ^ 
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Oermination* 

Beqxdsite  conditions. — Given  a  properly  ripened  seed  with 
well-formed  embryo,  the  period  when  the  latter  will  begin  to 
sprout  or  germinate  yaries  according  to  the  particular  species, 
and  according  to  external  couditions.  The  general  conditions 
favouring  germination  are  exposure  to  a  certain  temperature,  a 
certain  amount  of  water,  and  access  to  oxygen  gas,  besides 
certain  secondary  or  accidental  influences.  As  regards  tem- 
perature, germination  may  be  carried  on  in  some  cases  even  at 
freezing-point;  but  it  is  rarely  manifested  beyond  40°-42°  C, 
though  vitality  is  not  necessarily  destroyed  at  much  higher  tempe- 
ratures. The  actual  temperature  most  conducive  to  germination 
varies  in  different  species. 

Sachs's  experiments  on  the  growth  of  Wheat  and  Barley  show 
that  germination  began  below  5°  C,  in  the  French  Bean  and 
Maize  at  9**  C,  and  in  the  Gourd  at  13°  C. ;  but  when  the  reserve 
material  in  the  seed  was  used  up,  and  the  seedling  had  to  procure 
its  food  from  without,  a  higher  temperatiure  was  needed.  The 
highest  temperatures  noticed  by  Sachs  are,  for  French  Beans, 
Maize,  and  Gourds  42°  C. ;  for  Wheat,  Barley,  and  Peas  37°  or 
38°  C. 

Water  is  a  primary  requisite  in  the  germination  of  seeds,  as  it 
softens  the  tissues  and  enables  the  insoluble  reserve  materials  to 
assume  a  soluble  form.  Free  access  to  atmospheric  air,  or  to  the 
oxygen  contained  in  it,  is  necessary  for  the  carrying  on  of  those 
chemical  changes  which  are  manifested  during  germination.  If 
seeds  be  deeply  buried,  so  that  access  of  air  be  prevented,  they  do 
not  germinate. 

Weak  solutions  of  chlorine,  iodine,  and  bromine  have  been 
known  to  accelerate  the  process  of  germination,  and  camphor  is 
also  stated  to  be  a  stimulant  to  the  growth  of  the  embryo  plant. 

Effect  of  Electricity. — Electric  currents  are  stated  to  hasten 
germination.  When  seeds  are  exposed  to  the  action  of  galvanism, 
it  is  found  that  those  around  the  negative  pole  of  the  battery  ger- 
minate much  more  freely  and  quickly  than  those  around  the  posi- 
tive pole,  and  than  those  not  submitted  to  the  electric  current. 
Bridgeman,  in  '  Qurdeners*  Chronicle,*  Feb.  1, 1873,  further  notes 
that  the  radicles  of  the  blackened  and  shrivelled  seeds  round  the 
positive  wire  grew  upwards  into  the  air  instead  of  downwards ;  and 
this  observation  confirms  a  similar  one  made  by  Blondeau. 

Time  reqnlre^ — Many  seeds  germinate  very  quickly  when  placed  under 
favourable  conditions,  especially  those  of  Cruciferae,  Grasses,  manyLegu- 
miaosce,  CucurbitaceaB,  &c. ;  but  the  period  varies  even  in  seeds  of  the 
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same  individual  plant  under  apparently  identical  conditions.  In  general 
termsy  the  length  of  time  required  is  long  in  proportion  to  the  lowness  of 
the  temperature,  the  ahsence  or  presence  of  perisperm,  its  nature,  the 
depth  of  sowing,  &c.  Seeds  enclosed  within  a  hard  pericarp,  endocarp, 
or  testa,  often  remain  a  year  or  even  more  before  germination  ;  but  m 
such  cases  the  process  may  be  accelerated  by  soaking  the  seed.  Some 
seeds  require  to  be  sown  at  once  or  they  lose  their  germinating  power ; 
others  retain  their  vitality  for  a  great  number  of  years,  though  the  stories 
relating  to  the  germination  of  seeds  taken  from  Egyptian  mummies  and 
Boman  barrows  will  not  bear  the  test  of  close  examination.  Better 
authenticated  statements  have  shown  that  some  seeds  have  retained  their 
vitality  after  more  than  a  century.  Out  of  868  species  sown  at  Geneva 
hy  Alphonae  de  CandoUe,  17  only  grew  after  a  lapse  of  15  years. 
IiAeen  out  of  20  seeds  of  DoUchoagrew  after  this  period,  6  out  of  20 
of  ZavaUra,  of  the  other  16  only  l-o  grew.  Out  of  288  genera  whose 
seeds  were  sown  under  the  auspices  of  the  British  Association  by  Dr. 
Daubeny  and  others,  it  was  found  that  the  majority  had  lost  their  vitality 
altogether  after  having  been  kept  10  ^ears.  Thirty-four  species,  about 
one  seventh  of  the  whole  number,  retamed  their  vitality  after  10  years, 
20  species  after  20  years,  and  2  only,  both  Leguminosse,  maintained  their 
vitality  after  40  years.  In  both  sets  of  experiments  the  greatest  in- 
stances of  longevity  were  found  among  the  I^uminosse,  which  are  desti- 
tute of  periaperm,  while  the  Umbelliferse,  whicm  have  perisperm  and  much 
essential  oil,  seemed  to  lose  vitality  particularly  soon. 

drcmiiilances  retarding^  Oenniziation. — ^These  will  have  been  gleaned  &om 
what  has  preceded.  Deprivation  of  water  or  oxygen  gas,  too  low  or  too 
high  a  temperature,  will  all  retard  or  even  prevent  germinatiou,  in  extreme 
cases,  by  destroying  the  vitality  of  the  embryo.  Pure  phosphorus  retards 
germination,  w&ile  anilin  is  stated  to  stop  it  completely,  as  arsenious  acid 
and  other  poisons  do.  Exposure  to  light  does  not  of  itself  retard  germi- 
nation,  other  conditions  being  equal. 

Changes  dming  Germination. — ^When  germination  begins  the  soluble 
matters  contained  in  the  seed  are  used  up,  while  the  insoluble  ones  are  so 
modified  as  to  become  soluble.  The  ternary  ingredients,  especially  starch, 
become  converted  into  dextrin  and  glucose  under  the  influence  of  a  nitro- 
genous substance,  diastase,  which  acts  as  a  ferment.  Thus  in  the  process 
of  malting,  which  is  nothing  but  the  germination  of  Barley  stopped  at  a 
certain  stage,  the  starch  becomes  converted  into  sugar,  thus :  starch  with 
a  composition  of  C  86  H  30  0  30+4 IIO  ==  2  Glucose  2  (C  12  H 12  0  12) 
and  Dextrin  C  12  H 10  0 10  (Musculus).  What  brin^  about  the  ultimate 
transformation  of  grape-sugar,  or  glucose,  or  of  dextrin  into  cellulose  is  not 
known.  Fatty  substances  kse  a  portion  of  their  carbon  and  form  glucose. 
Nitrogenous  substances  during  germination  undeigo  analogous  transfo]> 
mations;  thus,  amon^Legummosse,  the  albuminoid  matters  become  trans- 
formed into  osparagtHf  a  soluble  nutritive  substance,  which  la  conveyed 
from  cell  to  cell,  according^  to  the  requirements  of  the  case.  The  trans- 
formation of  the  albummoids  into  asparagin  takes  place  as  well  in 
obscurity  as  under  the  influence  of  light.  Oxvgen  is  fixed  during  the  pro- 
cess, ana  C  and  H  are  Uberated,  the  sulphur  being  oxidized  and  changed 
into  sulphuric  acid.  Gorup-Besanez  has  also  shown  that  in  Beans  there 
exists  a  diastasic  ferment  capable  not  only  of  effecting  the  transf  ormr 
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tion  of  starch  into  suffar,  but  also  of  fibiine  into  peptone.  A.  amilar 
formation  of  ferments  has  been  observed  in  the  case  of  leaf-buds  about  to 
develop  (Kossmann).  As  the  seedlings  grow  and  become  exposed  to  the 
light,  the  asparagin  disappears. 

During  germination  Boussingault  observes  that  the  plant  comports  it- 
self as  an  animal  does,  or  like  an  e^g  during  incubation.  It  grows  on  the 
reserve  materials  accumulated  in  tne  tissues,  oxidizes  them,  emits  carbonic 
dioxide,  evolves  heat,  as  happens  in  other  chemical  changes,  the  final  re- 
sult being  the  nutrition  of  tne  embryo  plant. 

The  Perl^perm. — With  reference  to  the  part  plaved  by  the  peris^rm,  it 
may  be  stated  that  it  is  a  store-house  of  nourishment  upon  wmch  the 
young  seeds  draw  before  thev  have  acquired  the  power  of  feeding  for 
themselves.  Hence  we  often  imd  that  in  the  case  of  those  seedlings  which 
have  from  the  first  a  well-developed  feeding-apparatus  in  the  shape  of 
green  seed-leaves  (as  in  the  Turnip,  Mustard)  the  perisperm  is  at  the  time 
of  germination  either  non-existent  or  in  very  small  proportion.  On  the 
other  hand,  where  the  perisperm  is  abundant,  there  the  seed-leaves  are 
very  smaU  and  inconspicuous.  The  difiiculty  in  inducing  some  seeds  to 
germinate  is  connected  with  the  fact  that  the  seedling  plant  is  often  able 
to  feed  upon  the  perisperm,  but  is  not  able  to  shift  for  itself ;  hence  when 
the  supply  of  albumen  is  exhausted,  the  seedling  fails.  M.  Van  Tieghem 
has  lately  made  some  experiments  with  a  view  to  ascertain  how  the  seed- 
ling plant  gets  its  nourisnment  from  the  perisperm,  and  in  the  course  of 
his  experiments  ascertained  that  the  pensperm  in  some  cases  acts  as  a 
nursing  mother  to  the  young  embryo,  while  in  others  the  young  plant 
merely  helps  itself  to  what  it  finds  at  hand.  Albumen  of  an  oUy  character 
undergoes  a  change  of  structure  and  composition — digests  itself,  in  fact; 
and  the  young  plant  does  but  take  up  the  products  oi  this  change  in  the 
tissue  and  constitution  of  the  perisperm. 

Floury  perisperm,  such  as  tnat  of  the  Wheat,  is  passive.  It  is  changed 
and  ultimately  absorbed  and  digested  by  the  embryo  itself.  It  is  of  the 
nature  of  food  simply,  and  does  not,  as  m  the  former  case,  also  fulfil  the 
office  of  a  nursing  mother.  The  termination  of  seeds  and  the  length  of 
time  required  for  the  process  are  thus  seen  to  depend  veiy  materia^y  on 
the  nature  of  the  perisperm. 

Independence  of  the  Parts  of  the  Embryo. — ^M.  Van  Tieghem  has  ascer- 
tained that,  under  certain  circumstances,  the  several  parts  of  the  embryo 
plant  may  be  severed  one  from  the  other,  and  even  themselves  dividtd 
into  fragments,  and  yet  these  f rasinents  will  preserve  their  vitality  and 
grow  independently.  The  cotyledons,  if  divided,  will  produce  radicle 
and  buds ;  thus  a  plant  of  a  Simflower  was  made  to  produce  eight  plantd 
by  dividing  each  oi  its  two  cotyledons  into  four.  When  the  perisperm  was 
removed  from  around  the  embryo  of  a  Marvel  of  Peru,  germination  went 
on  well  for  a  time,  but  the  plumule  was  arrested  in  its  development,  so 
that  the  perisperm  seems  to  be  required  for  the  formation  of  the  plumule, 
though  the  other  parts  of  the  embryo  obtain  sufficient  nutriment  from  lh» 
stores  accumulated  in  their  own  tissues.  The  same  experimenter  ex- 
tracted embryos  from  the  seeds,  and  placed  them  in  an  artificially  pre- 
pared substance,  resembling  in  constitution  the  perisperm,  and  he  found 
that  the  embryos  absorbed  the  artificial  food  and  used  it  up  in  the  pro- 
duction of  new  tissues,  just  as  they  would  have  utilized  the  stores  in  the 
perisperm. 
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CHAPTER  VI. 

MISCELLANEOUS  PHENOMENA. 

Sect.  1.  Evolution  op  Heat  by  Plants. 

In  examining  the  cases  filing  into  this  section,  it  is  important  to 
separate  them  into  two  classes  :— (1)  those  relating  to  the  proper 
or  specific  heat  of  plants  generally ;  and  (2)  those  more  remarkable 
instances  of  elevation  of  temperature  occurring  at  certain  periods 
of  development  in  particular  plants. 

It  being  a  well-ascertained  fact  that  the  chemical  combination 
or  separation  of  various  elements  found  in  plants  is  accompanied 
hj  increase  or  diminution  of  sensible  heat,  and  that  the  process  of 
evaporation,  constantly  going  on  in  dry  weather  in  healthy  plants, 
is  a  cause  of  depression  of  temperature  as  the  substance  from  the 
liquid  passes  o£E  in  the  form  of  vapour,  it  is  evident  that  the  proper 
temperature  of  plants,  and  their  organs  and  tissues,  must  vary 
greatly  according  to  the  circumstances  in  which  they  are  placed, 
let,  as  the  evaporation,  and  the  fixation  of  carbon  in  a  solid  form 
from  gaseous  material — both  "  cooling  processes'' —  are  such  prepon- 
derating operations  in  the  nutritive  and  assimilative  processes  of 
vegetation,  it  seems  scarcely  possible,  under  ordinary  circumstances, 
that  plantR  should  have  a  specific  heat  rising  above  that  of  the  sur- 
rounding atmosphere. 

The  different  power  of  conducting  heat  possessed  by  the  several  tissues, 
and,  in  the  case  of  the  woody  tissues,  the  difference  in  the  conducting- 
power  according  to  the  varying  directions  of  the  fibres,  together  with  the 
disturhances  anting  from  tne  unlike  conductivity  of  the  fluids  and  solid 
matters  constituting  the  cell-contents,  render  it  very  difficult  to  arrive 
at  any  general  conclusions  as  to  the  specific  heat  of  plants. 

From  Dutrochet's  experiments,  made  with  a  thermo-electric  apparatus, 
it  would  appear  that  the  specific  heat  of  all  parts  of  plants  in  their  ordinary 
condition  is  rather  lower  than  the  temperature  of  the  surroimding  atmo- 

r^  re.  In  cases,  however,  where  evaporation  was  prevented  by  placing 
ts  in  an  atmosphere  saturated  with  moisture,  the  temperature  some- 
times rose  from  ^ ?  to  j^  per  cent,  above  that  of  the  atmosphere.  More- 
over a  rise  and  a  mil  took  place  in  the  course  of  twenty-four  hours,  the 
maximum  occurring  between  ten  and  two  in  the  day,  the  minimum  at 
midnight.  It  was  further  observed  that  the  specific  heat  was  only  dis- 
coverable in  the  soft  or  green  parts,  not  in  the  woody  structures. 

The  experiments,  however,  which  have  been  made  to  determine  these 
points  are  by  no  means  conclusiye.  It  seems  probable  that  the  increased 
neat  observed  in  the  structures  of  plants  when  evaporation  is  restrained 
depends  upon  the  slow  combustion  of  carbon,  which  is  enabled  to  manifest 
itself  when  the  cooling  influence  of  evaporation  is  removed. 

The  germination  of  seeds,  in  which  carbonic  dioxide  is  abundantly 
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evolved,  is  constantly  accompanied  by  a  rise  of  temperature,  which 
is  satisfactorily  accounted  for  on  chemical  principles;  and  the 
**  heating"  of  heaps  of  germinating  seeds  is  the  more  marked  in  con- 
sequence of  the  "  fermentation"  (or  decomposition  through  contact- 
action)  by  which  it  is  always  accompanied.  In  the  case  of  Fungi, 
as  shown  by  McXab  (Gaid.  Chron.  1871,  p.  1256)  in  Bmi^ta 
gigantea,  the  temperature  is  higher  than  that  of  the  air,  owing  pro- 
bably to  the  formation  of  carbonic  dioxide.  Similar  phenomena  had 
been  previously  observed  by  Dutrochet  in  Eranoe  and  Maroet  in 
England. 

Heat  eyolyed  during  Flowering. — The  most  remarkable  instances 
of  evolution  of  heat  are  those  which  occur  during  the  flowering  of 
plants.  This  rise  of  temperature  appears  to  take  place  in  all  cases  ; 
but  it  is  most  strikingly  displayed,  of  course,  in  plants  which  have 
a  crowded  inflorescence,  and  above  all  when  this  is  surrounded  bv  a 
structure  confining  the  liberated  heat,  as  in  the  spathes  of  the 
Aracese,  on  which  many  observations  have  been  made. 

Arum  maeidatvmy  A,  italtcunif  A.DracuncuhUylUchardia  tsthiopica,  Cvly- 
casta  odoroy  &c.,  the  male  inflorescence  of  Ct/cas  circinaKs,  the  large  solitair 
flowers  of  Cactus  gramdiflorusy  Bignoma  radicanSf  Victoria  regtay  &c.  are 
among  the  recorded  plants  in  which  the  rise  of  temperature  has  been 
observed. 

The  greatest  evolution  of  heat,  after  the  opening  of  the  spatie 
of  AracesB,  is  at  the  part  where  the  male  flowers  are  situated  :  after 
the  pollen  has  been  discharged,  the  upper  parts  of  the  spadix  groTT 
warmer,  and  the  lower  parts  cool  gradually  upwards. 

Experiments  made  to  ascertain  the  cause  of  this  heat  lead  to  the 
conclusion  that  it  is  attributable  to  a  process  of  combustion.  Sanssure 
found  that  the  flowering  spadix  of  Arum  maculatum  abundantly  ab- 
sorbed oxygen  ;  and  Yrolik  and  De  Vriese,  comparing  the  tempera- 
tures attained  by  a  spadix  placed  in  oxygen  gas  and  by  one  placed  in 
common  air,  found  that  the  former  always  exceeded  the  latter,  while 
a  spadix  kept  for  a  longer  time  in  nitrogen  gas  did  not  maDife<)t 
any  increased  temperature. 

Connected  with  the  subject  of  the  temperature  of  plants  are  the  in- 
teresting observations  of  fioussingault,  Alph.  DeCandolle,  and  others,  on 
the  diflerent  external  temperatures  required  by  diflerent  plants  to  stimu- 
late them  into  either  vegetative  or  reproductive   actiTitv.      It  is  well 
known  that  any  ^ven  plant  wiU  rec^uire  a  certain  sum  of  heat  during  a 
season  to  enable  it  to  go  through  its  whole  course  of  development,  and 
that  under  certain  limits  the  course  of  development  will  be  passed  through 
proportionately  more  quickly  in  warmer  climates.    Further,  it  iskno^n 
that  most  plants  of  warm  climates  are  killed  by  certain  degfrees  of  cold. 
But  it  is  further  obserred  that  certain  temperatures,  insufficient  to  injure 
plants,  are  at  the  same  time  insufficient  to  "  start "  them  into  growth,  and 
that  diflerent  species  of  plants  have  different  constitutions  in  Uiis  lespect; 
while,  on  the  other  hand,  excessive  temperatures  may  render  plants  hanen 
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bj  0¥er-«timulatixig  yegetative  action,  as  is  obeenred  in  the  Vine  in  the 
tzopicfl,  and  commonly  also  in  badly  managed  exotics  in  our  hothouses. 


Sect.  2.  LuMiNOsiTT. 

In  most  botanical  works  we  find  noticed  the  observation  of  the 
daughter  of  Linnaeus,  that  she  perceived  a  peculiar  flashing  lumi- 
nosity of  the  flowers  of  Tropmolum  majus  on  a  hot  summer's  night — 
together  with  a  statement  that  the  same  appearance  has  been  ob- 
served in  the  orange  Lilies,  Sunflower,  Marigolds,  <&c.  The  fact 
that  most  physiologists,  from  Saussure  downward,  who  have  sought 
to  repeat  these  observations  have  failed,  and  that  the  appearance 
is  always  assigned  to  orange  or  red  flowers,  leads  to  the  belief  that 
the  statements  are  founded  on  error,  arising  from  the  peculiar 
effect  of  these  tints  upon  the  eye.  The  influence  upon  the  eye  of 
the  brilliant  orange  and  crimson  flowers  of  some  of  the  Bhododen- 
drons  and  Azaleas  now  grown  in  our  gardens  is  very  similar  to 
that  of  looking  upon  a  luminous  body.  The  asserted  luminosity 
of  flowers  is  certiunly  at  present  a  very  questionable  matter.  The 
cases  that  have  been  recorded  are  cases  of  optical  illusion,  or  in 
some  instances  of  exudation  of  inflammable  vapour. 

Phosphoreflcence.— On  better  authority,  namely  that  of  Humboldt,  Nees 
von  Esenbeck,  Unger,  and  others,  rests  the  fact  that  the  thallus  of 
some  Fungi  is  himinous  in  the  dark.  The  imperfect  thalloid  structure 
described  as  Hhizomorpha  subterranea,  occasionally  met  with  in  mines, 
exhibits  upon  its  ramified  structure  points  which  possess  an  irregular 
phosphorescence,  sometimes  rising  to  such  a  degree  of  luminosity  as  to 
enable  surrounding  objects  to  be  distinguished.  According  to  Unger^s  ob- 
servations, the  light  18  not  emitted  n*om  decaving  matter,  but  from  a 
peculiar  superficial  layer  of  cellular  tissue.  Phosphorescence  has  been 
observed  in  other  mycelia,  and  it  is  also  exhibited  in  the  perfect  Fungus 
of  Agaricus  olearms  and  other  species. 

Rotting  wood  is  well  known  to  be  often  phosphorescent ;  and  some 
authors  state  that  this  does  not  depend  upon  toe  presence  of  Fungi ;  but, 
seeing  the  proved  occurrence  of  phosphorescence  in  the  mycelium  of  Fungi, 
it  is  most  probable  that  the  luminosity  is  attributable  to  them,  especiaUy 
as  it  is  removed  irrecoverably  by  drying  up  the  damp  rotten  wood. 

The  statement  that  the  Moss  Schistostega  osmunaacea,  which  nx)ws  on 
the  roofs  of  caves,  is  phosphorescent,  has  been  declared  by  Milde  to  be 
erroneous.  We  could  detect  no  trace  of  it  in  observations  made  some 
years  ago,  and  we  agree  with  Milde  in  attributing  the  appearance  to  the 
glistening  caused  bv  the  reflections  and  refractions  of  lignt  on  the  wet 
surface  of  the  cellular  leaves. 

According  to  Martins,  the  milky  juice  of  Euphorbia phosphorea  becomes 
luminous  when  removed  from  the  plants  and  heated  gently. 

The  fullest  details,  with  illustrations,  on  the  subject  of  phospho- 
rescence are  to  be  found  in  the  volumes  of  the  '  Gardeners'  Cnromde,' 
1871, 1872,  1874.  Dr.  Cooke's  paper  on  the  same  subject  in  '  Science 
Gossip '  for  1871  should  also  be  consulted  on  the  subject. 
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Sect.  3.  Movements  op  Plants. 

The  absence  of  the  phenomena  of  motion  was  formerly  ima- 
gined to  constitute  one  of  the  distinguishing  characters  of  plants 
as  contrasted  with  animals ;  but,  in  fact,  members  of  the  Vegetable 
Kingdom  not  only  exhibit  partial  movements  of  their  internal  or 
external  structures,  but  in  some  cases  the  entire  organism  has  the 
power  of  locomotion. 

Exciting  causes. — ^The  movements  of  different  plants  are  de- 
pendent upon  very  diverse  causes,  some  of  them  being  entirely 
mechanical,  and  due  to  physical  affections  of  the  tissues  by  the 
conditions  of  the  surrounding  atmosphere,  and  to  alternate  con- 
ditions of  turgesoence  and  exhaustion ;  others  are  mechanical  in 
appearance,  but  excited  by  causes  which  simple  physical  laws  will 
not  explain ;  while  a  third  kind  depend  upon  the  contr4ictile  quality 
of  the  protoplasmic  substances,  which  gives  rise  to  automatic  move- 
ments comparable  to  those  of  the  lower  animals  and  to  the  ciliary 
motion  found  in  particular  tissues  of  the  highest  animals. 

To  the  first  of  these  classes  belong  such  phenomena  as  the  burstiiig  of 
seed-vessels,  anthers,  &c.,  attributable  in  part  to  the  hygroscopic  condi- 
tions of  the  tissues,  which,  possessing  imequal  power  of  imbioition  and 
unequal  elasticity,  are  torn  apart  or  curved  in  various  ways  by  unequal 
contractions  and  expansions,  caused  by  access  or  abstraction  of  moistiire. 
These  are  cases  of  what  is  called  in  conunon  language  "  warping,"  and 
can  scarcely  be  regarded  as  vital  phenomena,  being  definite  modes  of 
destruction  of  dead  structures,  resulting  from  special  structural  condi- 
tions. 

The  second  class  of  movements  are  those  exhibited  periodically,  or 
under  special  stimulus,  by  the  external  organs  of  plants,  such  as  the 
"  sleeping  '*  and  "  waking"*'  of  leaves  and  flowers,  and  the  movement  of 
the  Sensitive  Plants,  &c.  To  these  mav  perhaps  be  added  the  less  striking, 
but  not  less  enigmatical,  movements  which  cause  the  twining  condition  of 
stems  &c. 

The  movements  of  the  third  class  are  those  already  adverted  to  in 
former  sections,  where  the  protoplasmic  matter  of  cell-contents,  or  free 
bodies,  such  as  zoospores,  spermatozoids,  or  even  perfect  individuals,  sach 
as  Deamidiees,  Osdllatoriaceae,  exhibit  temporary  or  permanent  power  of 
locomotion.  Of  this  character  also  are  the  protrusions  observed  by  Mr. 
Francis  Darwin  of  fine  threads  of  protoplasm  from  the  pear-shaped  glands 
of  the  common  Teazel  (Dipsacus).  These  threads  have  the  power  of 
contracting  strongly,  and  the  contraction  is  further  induced  by  adds,  by 
induced  electric  currents,  by  heat,  and  other  agents. 

The  rote^wm  of  the  protoplasmic  cell-contents  (p.  549)  doubtless  depends 
upon  (inaperfectly  imderstood)  causes  similar  to  tnose  which  render  many 
of  the  simpler  plants  locomotive ;  and  the  movements  exhibit  the  closest 
resemblance  to  those  of  some  of  the  Protozoa  in  the  Animal  Kingdom — 
in  particular,  of  Amcsba  and  its  allies.    The  locomotion  of  firee  products 
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of  the  cell-conteiitSy  such  as  zoospores  and  spermatozoids,  is  generally 
immediately  resultant  from  the  movement  of  ciHa  existixig  upon  their 
surfiace;  and  the  same  statement  applies  to  the  locomotion  of  the  ''  cell- 
families/'  which  form  the  representatives  of  species  in  the  Volvocinese. 
The  locomotion  of  the  OscillatoriaceaB  and  DiatomacesB,  however,  does 
not  appear  to  he  effected  through  the  agency  of  cilia ;  at  all  events  no 
such  structure  can  he  detected  with  our  present  means  of  observation. 

The  ciliary  motion  of  the  unicellular  plants  and  reproductive  bodies 
Uj  although  inexplicable,  a  more  general  phenomenon  of  life  than  the 
movement  of  the  Diatomaceee  &c.,  where  these  organs  are  not  detected, 
borne  authors  incline  to  regard  the  motion  of  Diatomacese  as  dependent 
upon  osmotic  currents,  resulting  from  the  interchange  of  matter  between 
the  cell-contents  and  the  surrounding  water. 

BSorements  from  Changos  In  Hjgroeeoplo  State. — Movements  of  various 
kinds,  more  or  less  mechanical  in  appearance,  take  place  in  the  higher 
plants  through  the  power  of  imbihitiou  and  the  eUuticUy  of  their  tissues ; 
these  movements  are  generally  immediately  produced  by  stimuli  of  vari- 
ous kinds  disturbing  the  equilibrium  in  the  tissues. 

Great  difference  m  the  power  of  imbibition  exists  in  different  kinds  of 
ceUular  tissue— coUenchymatous  tissue,  for  example,  swelling  out  when 
wetted,  and  contracting  when  dried,  far  more  than  woody  structures. 
Experiments  have  shown  that  the  degrees  of  expansion  and  contraction 
vary  in  different  plants  and  tissues  of  plants  in  a  range  from  y^V?  ^  i  ^® 
diameter  of  the  ceUs.  In  cases  of  great  contraction  a  wriuKling  of  the 
cell-membrane  is  generally  involved. 

All  living  cell-membranes  possess  a  certain  degree  of  elasticity;  and 
consequently  a  certain  amount  of  dilierence  of  dimensions  is  dependent 
upon  the  degree  of  tension  or  turgescence  of  the  cell  from  the  presence 
of  fluid  contents.  Cells  in  which  osmotic  processes  are  going  on  are 
constantly  in  a  state  of  greater  or  less  tension. 

The  expansion  of  cellular  tissue  through  turgescence,  permitted  by  the 
elasticity  of  the  membranes,  appears  to  nave  a  much  smaller  range  than 
the  expansion  by  simple  imbibition.  The  experiments  of  linger  and  of 
Brucke  give  a  range  of  ^  to  i. 

It  is  evident  that  the  elasticity  of  parenchymatous  tissues  must  be 
capable  of  exerting  influence  on  the  position,  form,  and  direction  of  the 
oigans  of  which  tney  form  part.  Supposing  a  tissue  to  be  uniformly 
developed,  its  expansion  through  turgescence  need  not  alter  the  general 
form,  nor  the  relative  position  of  the  parts ;  but  if  unequal  endosmose 
take  place  in  different  parts,  causing  disturbance  of  the  equiHbrium  of 
turgescence,  curvature  and  distortion  must  ensue.  Again,  if  an  organ  is 
composed  of  regions  in  which  the  tissues  differ  in  degree  of  elasticity,  it 
may  suffer  a  disturbance  of  the  equilibrium  of  turgescence  still  more 
readily ;  and  this  is  probably  the  cause  of  most  of  the  automatic  move- 
ments of  organs  of  plants,  as  more  fully  explained  under  the  head  of 
Tension  (p.  609). 

Dehlsoence  of  Fmlts  etc. — ^This  is  usually  the  result  of  a  greater  degree 
of  turgescence  in  some  cells  than  in  others  and  ultimate  rupture,  and  it 
may  also  be  due  to  irregularity  in  the  process  of  drying,  wherel3y  cer- 
tain layers  contract  more  forcibly  than  otners.    The  different  anatomical 
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construction  of  diiferent  layers  abo  promotes  the  process,  as  well  as  the 
pressure  from  within  of  the  growing  seeds. 

The  movements  of  the  awn  of  Avena  sterilis  are  in  like  mamier  attri- 
butahle  to  the  possession  of  two  layers  of  different  anatomical  and  hygro- 
scopical  structure.  The  similar  twisting  of  the  awns  of  other  Grasses, 
the  s^les  of  Erodium^  kCy  has  been  described  by  Mr.  F.  Darwin,  who,  in 
the  '  Linnean  Transactions,'  has  explained  the  mechanism  by  which  these 
plants  are  enabled  to  bury  themselves  in  the  ground. 

Irritability. — The  equilibrium  may  be  disturbed  by  various  stimnfi, 
mechanical  and  chemical.  When  an  organ  is  striiin^ly  afiected  b? 
mechanical  influences,  we  have  the  phenomenon  of  *'  imtability,^  ^luii 
as  we  see  in  the  Sensitive  Plants,  Dumaa,  &c.  The  ^  sleep "  of  plants 
is  doubtless  a  phenomenon  differing  only  in  degree ;  and  this  slower  move- 
ment is  probably  attributable  to  the  chemical  action  of  light. 

Periodic  and  Induced  Movements. — ^The  movements  of  plants  consist 
for  the  most  part  of  the  curvature  or  the  f olding-up  of  o^ans ;  and  in 
such  cases  the  organs  are  always  found  to  possess  certain  peculiarities 
of  structure  and  mode  of  union  to  other  oigans.  The  movements  take 
place  periodically  (in  consequence  of  the  regular  alternations  of  ozterDal 
influences),  or  irregularly  (from  the  accidentdi  influence  of  special  stimuh). 

Periodical  movements  are  more  particularly  connected  with  the  influ- 
ence of  heat  and  light ;  and  their  degree  is  generally  more  or  less  propor- 
tionate to  the  intensity  of  these  influences. 

Action  of  Heat  and  Light. — The  sensitiveness  and  periodic  movemmts 
of  the  leaves  of  the  Sensitive  Plant  are  not  manifested  at  a  lower  tem- 
perature than  15°  C,  while  permanent  loss  of  motion  and  death  occur 
above  62°  C. 

Exposure  to  light  causes  movement  in  the  leaves  of  Sensitive  Plants, 
raising  them  from  the  depressed  position  they  occupied  in  darkness ;  and 
prolonged  obscurity  induces  rigidity  and  loss  of  motion.  Thus  Bert 
sliowed  that  Sensitive  Plants  kept  m  the  dark  lost  their  sensibiHty  after 
seven  days,  and  died  in  twelve  days.  Under  ^reen  light  the  plants  died 
after  sixteen  days  exposure,  retaining  their  sensibility  for  twelve.  Under 
\dolet  and  blue  light  the  plants  existed  (but  did  not  grow)  for  three 
months,  and  retained  their  sensibility.  In  Pothoa  scandens  with  dilated 
leaf-stalks  jointed  to  the  blade,  movements  may  be  seen  which  are  appa- 
rently associated  with  the  influence  of  light ;  thus  on  the  growing  snoot 
the  position  of  the  leaves  and  leaf-stslks  varies  according  to  the  direc- 
tion of  the  light.  In  some  cases  lamina  and  petiole  are  in  uie  same  plane, 
at  other  times  at  right  angles  one  to  the  other  ;  and  even  the  petiole  is 
twisted  on  its  own  axis,  so  as  to  place  the  two  surfaces  of  the  leaf  in  a 
more  or  less  vertical  position.  Every  intermediate  podtion  may  be 
observed. 

Effbot  of  Torgeflcence. — In  the  best  known  Sensitive  Plant,  Mmotd 
pudica,  there  is  a  swelling  at  the  bq^  of  the  petiole,  the  cells  of  which  con- 
stitute, as  it  were,  two  springs  actiftg  in  contrary  directions,  so  that  if  the 
one,  from  any  cause,  be  paralyzed,  the  other  pushes  the  leaf  in  the  direction 
of  least  resistance.  These  springs,  if  they  may  be  so  called,  are  set  inacti^ffl 
by  the  rush  of  fluid  creating  a  tuigid  state  of  the  one  set  of  ceUs,  and  a 
relatively  empty  state  of  the  other  series.  What  circumstances  regulate  the 
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iurg¥sc«iice  are  not  dearlj  deteTmined.  The  spoDtftDeous  and  induced 
motions,  Bccordirg  to  Bert,  are  differently  affected  by  the  same  conditions. 
^n  and  Millardet  also  ebow  that  tlie  Bpontaneoiu  moTement  in  the 
Mitnata  in  not  confined  to  depreseion,  foUon^  after  a  period  bj  elevation, 
'  '      MieB  of  plants  whose  leavea  sleep ;  but  the  movements  ii 


qn^stion  are  more  or  lem  coutinuoue,  the  one  alternating  ^th  the  other. 
t'lilike  meet  plants,  the  SenBitive  Plant  raises  its  loavus  nt  nighty  and 
lowers  them  bj  day. 

RMnrs  of  the  MoTonents. — The  most  common  kind  of  movement  is 
that  in  which  leaves  or  floral  envelopes  return  to  the  po^tioD  wbicb 
tbfj  orimnallT  occnpied,  or  close  up  into  the  same  folos  which  they 
Mh'ibitea  in  the  buds. 

Compoond  leaves,  like  those  of  Leguminoaie  for  instance,  display  a 
nmple  or  compound  movement ;  in  the  Bean  (Faba  vulgaru)  the  leaves 
fold  upwards,  in  Lupmu»  downwards,  in  Tamarindut  to  the  side.  In 
Amorpha  fruttcota  and  GUdiUchia  triacanthoi  the  racliis  or  common 
ivticle  of  the  compound  leaves  rises  or  idnks,  while  the  leaflets  tum 
nnvnwards  or  to  the  side.  In  Mimota  pudica  the  leaflets  fold  together, 
tbe  partial  petioles  approach  each  other,  and  the  racliia  or  main  petiole 
nuts  down.  In  a  species  of  Oxalis  the  pinnate  leaves  are  folded  toge- 
ther in  an  upward  direction,  a  footfall  suiHcing  to  cause  the  plant  to  close 
ils  leaves  (tigs.  616, 616). 

,  Fig.  615.  Fig.  616.  Kg.  617. 


;t  uid  eloHd,  u  ft  smieqaenoeof  brltAtlcR],  or 
Kn.tn.  InKflet.m^piiBad.  ' 

When  such  movements  of  leaves  or  foliaceoua  organs  occur  at  parti- 
dnlar  hours,  and  the  structures  remain  in  the  now  position  untu  the 
[fcurrenoe  of  a  particular  period,  the  closine- up  is  called  the  sltvp  n/planU, 
vhich  is  observed  both  in  green  leaves  and  in  the  petals  of  flowers. 
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The  epoch  at  which  the  moTements  take  place  is  very  TBiied.  Ordi- 
narilj,  leaves  expand  in  the  daylight  and  dose  towards  evening,  wbik 
flowers  exhibit  a  great  diversity  of  habit  in  this  respect — so  much  $o, 
indeed,  that  Linnseus  was  enabled  to  draw  up  a  list  of  flowers,  fancifully 
termed  a  *'  floral  clock  ^*  (horologium  Flora),  in  which  a  periodical  move- 
ment (opening  or  closinff)  marked  each  succeeding  hour. 

Ipomasa  iVi/  and  CmysUgia  sepium  open  their  flowers  at  3-4  a.x.; 
Tragopogon  at  3-4  a.m.,  dosing  again  before  noon;  some  Njfmphnsa, 
Ntiphar,  Laditcaf  &c.,  about  6  a.m.  ;  Anagallis  arverufis,  8  a.m.  (cIosd? 
again  when  the  sky  is  overcast) ;  Omithogalwn  umbeUatitm,  11  a.m.  ;  Mtr 
sembr^anthacesB  generally  about  12 ;  Siletie  nocti/hrOy  (Enothera  hienais, 
MirahiUs  Jalapa,  &c.,  5-7  p.m.  ;  Cereua  grandiJlont»  &c.,  Datura^  Meatm- 
hryanthemum  fioci^orum,  &c.,  7-8  p.m.  ;  Victoria  regia  opens  for  the  first 
time  about  0  p.m.,  and  closes  in  a  few  hours,  then  opens  again  at  6  a.bl 
the  next  day,  remaining  open  until  the  afternoon,  when  it  doses  and  sinks 
below  the  water. 

Some  dosing  flowers  may  be  caused  to  open  by  exposure  to  strong  arti- 
ficial light  (Crocus,  Gentiana  vema) ;  on  others  (Convohuhu)  this  has  do 
effect. 

In  most  of  the  periodical  movements  the  motion  is  very  slow ;  but  certain 
exceptions  to  this  exist.  Thus  in  the  leaves  of  Destnodium  gyrans  and  other 
species,  the  labellum  of  Megaclinium  falcatumj  the  stvles  of  Stylidmm  adna- 
turn,  and  others,  the  movement  is  quick  enough  to  De  directly  peit^ptible. 
•  In  Desmodium  gyrans  (the  Tdegraph-plant)  the  trif oholate  compound 
leaf  has  a  large  terminal  leaflet,  and  a  smaller  one  on  each  side.  \M)en 
this  plant  is  exposed  to  bright  sunlight,  in  a  hothouse,  the  end  leaflet 
stands  horizontally,  and  it  falls  downward  in  the  evening ;  but  the  kteral 
leaflets  move  constantly  during  the  heat  of  the  day,  advancing  edge  firs^t 
towards  the  end  leaflet,  and  then  retreating  and  moving  towards  the  bai>6 
of  the  common  petiole,  alternately  on  each  side,  in  a  manner  very  well 
compared  to  the  movements  of  the  arms  of  the  dd  semaphore  telegrapbi}. 
In  Megaclinium  falcatum  (Orchidace»),  when  exposed  to  suffident  heat, 
the  labellum  rises  and  falls  slowly  in  periods  of  several  minutes;  thi^ 
structure  is  also  irritable,  and  moves  more  quickly,  with  an  osdllatoiy 
motion,  when  touched. 

Induced  Movements. — ^Irregular  or  irritable  movements  take  place  in  a 
great  variety  of  plants,  of  which  the  following  parapaph  contains  the 
most  stryrinff  examples,  separately  or  in  association  with  the  spontaneous 
movements  before  mentioned.  They  are  influenced  by  contact  and  hj 
various  chemical  Mfents,  while  others  paralyze  the  motion : — 

Leaves :  The  "  Sensitive  Plants  '*  (Mimosa  pudica,  sensitiva^  coda,  and 
many  other  spedes) ;  jEschynomene  sensitiva,  indica,  pumila ;  Smihia 
sens&iva ;  Desnianthus  stolonifer,  triqtietris,  lacustris ;  OxaUs  sensitiva,  and, 
in  less  degree,  Ox<Uis  stricta,  Acetosella,  comictdata,  Deppei,  &c. ;  Hobinia 
Fseudoacacia  folds  its  leaves  when  violently  shaken  in  the  morning; 
lastly,  Dionaa  tnuscipula,  the  Venus's  Fly-trap,  which  folds  its  leares 
when  visited  by  insects,  and  Drosera  (fig.  688,  p.  660),  which  enfddsitaelf 
over  the  captured  prey. 

The  ^ffontaneous  slow  movement  which  occurs  at  stated  periods  (more- 
ments  of  sleepng  and  waking)  is,  as  has  been  said,  different  from  the 
sudden  motion  caused  by  external  stimuli    Ether  and  other  aniestiietics 
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niraljze  the  latter,  but  have  no  effect  on  the  spontaneous  movements. 
There  ia  no  special  contractile  tissue  in  these  plants. 

Petals, — The  movements  of  opening  and  closing  have  been  alluded  to. 
Other  induced  movements  occur  in  connexion  with  fertilization,  one  of 
the  most  striking  of  which  is  that  of  PterostyliSf  an  Australian  Orchid, 
where  the  lip  has  a  tongue-shaped  extremity  covered  with  hairs  and  a 
hin^e-joint  in  the  middle.  If  an  insect  alight  on  the  tongue,  the  tip 
bends  upwards  in  such  a  manner  as  to  imprison  the  insect,  and  fix 
it  up  against  the  anther  till  he  has  removed  the  pollen.  See  also  Drakea, 
fig.  462,  p.  372. 

Stamens — curving  towards  or  away  from  the  stigma  and  dehiscing 
when  touched :  Berheris  vulgaris  and  other  species,  Parietaria  Judaica^ 
Spamumnia  africana,  Cereus  grandifloruSj  HeUanthemum  vulgare  and 
other  species,  and  various  plants  of  the  tribe  O/narea,  Other  curious 
movements  of  the  stamens  and  pistils,  and  also  of  the  staminodes,  are 
alluded  to  imder  the  head  of  Fertilization.  Heckel  attributes  the  mo^^e- 
ments  of  the  stamens  of  Berheris  to  the  alternate  changes  of  form,  now 
iuns^,  now  shortf  in  the  constituent  cells  of  the  stamens.  In  order  to 
verify  this,  M.  Heckel  availed  himself  of  anaesthetics.  The  necessity  for 
doing  this  arises  from  the  fact  that  immediately  the  stamens  are  cut,  in 
order  to  take  from  them  a  slice  to  examine  under  the  microscope,  con- 
traction is  caused ;  but  by,  so  to  speak,  paralj^zing  the  cells,  a  section  may 
be  taken,  and  the  normal  uninitated  condition  of  the  cells  ascertainedf. 
So  treated,  longitudinal  slices  of  the  irritable  part  of  the  stamen  (the 
concave  inner  surface  in  this  instance)  are  seen,  according  to  M.  Heckel^ 
to  bo  arranged  in  parallel  rows,  and  each  cell  to  be  longer  than  it  is  wide, 
its  yellow  contents  bein^  diffused  throughout  the  cavity  and  applied  to 
the  walls.  An  examination  of  the  same  cells  in  the  excited  or  irritable 
state  shows  that  they  become  shortened,  contracted,  and  gathered  together 
till  they  only  occupy  two  thirds  of  their  original  space ;  the  contents  of 
each  individual  cell  are  collected  together  in  the  centre  of  the  cavity,  and 
the  outer  cell-wall  or  envelope  is  thrown  into  transverse  ridges.  So,  then, 
in  the  one  case  the  cell  is  at  rest,  in  the  other  it  is  tense  and  contracted, 
the  seat  of  contraction  being  in  the  protoplasm  lining  the  interior  of  the 
cell-walls,  rather  than  in  the  cell-wall  itself. 

The  opposite  convex  surface  of  the  same  stamen,  with  which  an  insect 
visiting  the  flower  does  not  come  in  contact,  is  not  sensitive  to  external 
impressions  of  this  character,  though  it  also  shows  contractile  power 
ariaine  from  internal  causes.  This  contraction  is  exercised  in  a  manner 
dirocuy  contrary  to  that  manifested  by  the  cells  on  the  inner  surface- 
that  is  to  sav,  that  when  in  a  state  of  rest,  under  the  influence  of  the 
chloroform,  they  are  contracted,  while  after  irritation  they  are  distended. 
They  would  thus  have  the  effect  of  pulling  the  stamen  liack  into  its  old 
position  after  irritation. 

The  pecuhar  movenlentsof  the  pollen-masses  of  Orchids  have  already  been 
aUudedto  (p.  373).  Another  illustration  from  Orchis  pyramidalis  may  here 
be  given,  in  this  plant  the  two  caudicles  of  the  pollen-masses  are  connected 
toffether  bv  a  saddle-shaned  disk,  the  pollen-masses  when  in  the  anther 
bemg  nearly  vertical  in  direction  and  parallel  one  to  the  other.  When 
removed  from  the  anther  by  the  proboscis  of  an  insect  or  the  point  of  a 
needle  (fig.  618,  a)  the  saddle-like  disk  contracts  so  as  to  attach  the 
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pollen-mafls  to  the  needle  &c  Then  occurs,  first  a  divergence  of  the  two 
pollen-masses  one  from  the  other,  and  subsequently  a  depreseiop,  so  that 
they  assume  a  nearly  horizontal  direction  (fig.  018,  b).   In  tlus  podtion  they 

Fig.  cia 


OrdUa  pframidalU :  a,  pollen-maw  just  remored  from  the  anther,  rtrtial ; 
6,  poUen-nuMees  divergent  and  horuontal. 


are  so  placed  as  to  come  into  contact  with  the  V-lilie  stigmata  of  anotheir 
flower,  and  thus  efiect  cross-fertilization. 

Style :  Ooldfussia  anisophyUay  Martynia,  Jfimulus,  &c. 

Moyements  of  Stems. — Some  plants  manifest  a  series  of  spon- 
taneous movements,  as  Ceratophyllum^  where  the  stem  exhibits 
regularly  movements  of  bending  and  straightening.  The  young 
growing  shoot  of  Abies  Nordmanniana  has  been  observed  to  re?olve 
irrespectively  of  the  sun's  movements,  and  the  terminal  shoot«  of 
the  Deodar  have  similar  movements. 

Climbing  Plants. — ^The  phenomena  of  the  movements  of  climb- 
ing plants,  including  the  spontaneous  revolving  movement  of  ten- 
drils &c.,  and  those  dependent  on  contact,  have  been  studied  in 
detail  by  Mr.  Darwin,  who  has  shown  that  organs  of  the  most 
diverse  morphological  character  may  nevertheless  exhibit  the  same 
phenomena.  The  object  is  to  enable  the  plant  to  expose  its  leaves 
to  the  light  and  air  with  little  expenditure  of  material.  In  this 
way  a  weakly  growing  plant  can  maintain  itself  in  the  struggle 
with  trees  and  vigorous  growing  plants.  Darwin  divides  climbing 
plants  into  four  classes  : — 1,  those  that  twine  spirally  in  a  dex- 
trorse or  sinistrorse  manner  round  a  support ;  2,  those  endowed 
with  irritable  organs  which  when  they  touch  any  object  dasp  it ; 

3,  plants  climbing  by  means  of  hooks,  as  some  Palms,  Brambles,  &c.; 

4,  plants  climbing  by  means  of  rootlets,  as  the  Ivy. 

The  two  first  Classes  exhibit  special  movements.  The  young  growing 
shoots  of  climbing  plants,  and,  as  we  have  seen,  of  Conifers  and  prohablj 
most  other  plants,  if  watched  for  a  continuous  period,  or  observed  at  iih 
tervals,  mav  be  observed  to  bend  to  one  side,  ana  to  travel  slowly  round  to 
all  points  oi  the  compass  in  succession,  the  revolving  movement,  which  goes 
on  by  night  as  well  as  by  day,  varying  in  rapiditv  according  to  circum- 
stances and  ultimately  ceasing.  The  revolution  is  effected  by  a  bending 
over  of  the  stem  first  in  one  direction,  then  in  another,  so  that  the  re- 
volving stem  sweeps  rounds  but  does  not  become  twisted  so  long  as  it  is 
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hw  at  the  tip.  If,  during  the  course  of  its  revolutions,  it  come  in  contact 
with  an^  object,  such  as  a  stem  or  a  branch  of  another  plant,  it  twines 
around  it.  The  cause  of  the  movement  is  supposed  to  be  due  to  rapid 
growth  in  a  longitudinal  direction,  the  band  of  growth  travelling  round 
the  tendril  and  successively  bowing  each  part  to  the  opposite  side. 

Leaf-cUmben. — These  are  plants  whose  leaf-stalks  clasp  round  any 
support  that  may  come  in  their  way,  while,  in  other  cases,  the  plants 
climb  by  the  tips' of  their  leaves,  as  in  Gloriosa,  p.  66  {^,  67).  The  young 
intemodes  of  tnese  plants  revolve  as  in  the  former  case,  and  with  the 
object  of  bringing  the  petioles  into  contact  with  surrounding  objects.  The 
petioles  in  these  cases  are,  when  young,  sensitive  to  a  slight  toucn,  bending 
towards  the  touched  side  at  different  rates  in  difierent  species.  Such 
petioles  after  a  few  days  become  much  thickened,  and  assume  a  stem-like 
character. 

TendrliB  are  thread-like  modifications  of  leaves,  peduncles,  or  branches, 
possessing  the  power  of  spontaneous  revolution,  the  whole  length  of  the 
organ  exhibiting  curvature  except  at  the  extreme  tip,  which  is  sensitive 
to  touch  on  one  side  or  the  other,  or  on  both.  When  the  end  has  caught 
a  support,  the  tendril  winds  round  it  in  a  spiral  direction  according  to  the 
position  of  the  support  and  the  side  first  touched.  Twining  plants,  on 
the  other  hand,  curl  round  their  supports  invariably  in  the  direction  of 
their  revolving  movement.  The  tendrils  of  different  species  of  the  same 
genus  twine  m  different  ntanners — in  some  cases  bending  themselves 
away  from  the  light,  so  as  to  seek  crevices  in  the  bark,  rocks,  or  walls 
on  which  they  are  growing,  and  often  developing  adhesive  disks  at  their 
extremities,  as  in  Ampelopsis  tn'cugpidata  (  Veitchii).  The  difierent  move- 
ments executed  by  tendrils  may  be  referred  to  revolving  nutation,  bending 
to  or  from  the  light  and  in  opposition  to  gravity,  in  addition  to  those 
caused  by  a  touch,  and  spiral  contraction ;  and  it  seems  probable  that  the 
inducing  causes  may  be  different.  Some  are  probably  due,  as  stated  by 
Sadis  and  De  Vries,  to  rapid  growth  along  one  side ;  out  Darwin  doubta 
whether  the  movements  conse(]^uent  on  a  touch  can  be  so  caused.  The  first 
action  of  a  tendril,  says  Darwm,  is  to  place  itself  in  a  proper  position  so 
as  to  be  in  the  most  favourable  position  for  catching  hold  of  any  support. 
Another  wonderful  property  is  the  way  in  which  they  generally  avoid 
coiling  themselves  around  the  stem  from  which  they  thexnselves  proceed. 
When,  says  Asa  Gray,  *'  a  tendril  sweeping  horizontally  comes  round  so 
that  its  base  nears  the  parent  stem  rismg  above  it,  it  stops  short,  rises 
felifflv  upright,  moves  on  in  this  position  until  it  passes  by  the  stem,  then 
rapidlv  comes  down  again  to  the  horizontal  position,  and  moves  on  so 
until  it  again  approaches  and  again  avoids  the  impending  obstacle." 

Of  the  two  Kinds  of  motion,  the  spontaneous  revolutions  and  that 
induced  by  contact,  the  former  may  be  compared  with  the  spontaneous 
movements  of  the  leaflets  of  Demwdium,  or  the  sleep-movements  of  leaves, 
while  the  movements  due  to  contact  are  analogous  with  the  induced 
movements  of  the  sensitive  plants.  The  tendrils  of  Passiflora  gracUis  and 
of  a  gourd  have  been  seen  b^  Gray  and  others  to  coil  up  rapidly  and 
perceptibly  when  their  extremities  are  gently  rubbed,  straightening  again 
after  a  short  time,  to  be  recoiled  if  again  excited.  Once  a  grasp  haa 
been  obt^ed  the  fleneibility  ceaaea. 

2u 
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CHAPTER  I. 

GENERAL  CONSIDERATIONS. 

The  object  of  this  department  of  Botany  is  to  determine  the  laws 
which  rule  over  the  Distribution  of  Plants  in  Time  and  Space. 
This  abstract  study  is  founded  upon  the  facts  furnished  by 
Botanical  Geography  and  Geology,  or  the  description  of  the 
present  and  past  conditions  of  the  Vegetable  inhabitants  of  the 
globe,  and,  in  return,  supplies  those  branches  of  practical  inqiiiij 
with  principles  by  means  of  which  they  may  be  systematued. 

Botanical  Oeography,  which  undertakes  the  description  of  the  pecu- 
liarities of  the  Tegetation  occurring  at  present  upon  the  earth's  surface, 
and  Botanical  Oeologyy  which  pursues  the  investi^tion  of  the  conditions 
of  Tegetation  which  have  successiyely  existed  m  different  QeologicftI 
epochs,  deid  with  facts  so  far  distinct  in  their  character  that  it  is  nio^t 
convenient  to  treat  of  them  separately ;  but  the  principles  are  common 
to  both,  and  may  be  taken  as  one  subject. 

Explanations  of  the  facts  which  are  obtained  by  geological  inquiries 
can  only  be  securely  founded,  either  directly  or  incurectly,  upon  laws  de- 
rived from  facts  furnished  by  experience  or  existing  phenomena ;  hence 
the  principles  liud  down  in  the  present  chapter  are  for  the  most  part 
only  actually  valid  in  relation  to  existing  conaitions,  and,  the  subject  jet 
being  in  its  mfancy,  are  mostly  only  speculatively  applied  to  the  elnciS^ 
tion  of  geological  phenomena. 

Sect.  L  Ikixtjxngb  of  External  Agxnts  upon  Yegetatiok. 

Climate. — Plants  are  endowed  with  means  of  diffusing  them- 
selves,  more  or  less  efficiently  in  different  cases,  over  the  surface 
of  the  globe ;  but  in  most  cases  their  existence  is  limited  to  certain 
regions    or  countries.    Oeogra^cal   obstacles,  such  as  seas, 
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mountains,  desert  tracts,  prevent  their  spreading  indefinitely: 
some  of  these  may  be  overcome  by  accidental  influences,  such  as 
seas  intervening  between  countries,  and  the  like ;  others  can 
neither  be  conquei'ed  nor  evaded,  such  as  climate,  which  fixes  un-* 
alterable  limits  to  the  stations  which  can  be  permanently  occupied 
by  species. 

That  Ck)ld  and  Heat,  Damp  and  Drought,  intensity  and  duration 
of  Light,  the  chief  constituents  of  what  we  call  Climate,  are  the 
most  important  of  the  external  influences  acting  upon  plants,  is  a 
fact  manifest  not  merely  from  the  conclusions  ^t  which  we  have 
arrived  in  the  study  of  Vegetable  Physiology,  but  one  which  is 
revealed  by  the  most  slender  experience  of  horticulture  and  the 
most  superficial  acquaintance  with  physical  geography. 

The  nature  of  the  soil  doubtless  has  also  much  influence  on  the 
distribution  of  plants,  dependent  less,  probably,  on  its  chemical 
composition  than  on  its  mechanical  constitution  and  hygromettic 
state. 

Every  species  of  plant  flourishes  best  within  a  certain  range  of 
temperature,  beyond  which,  on  both  sides,  it  either  suffers  from 
summer  heat  or  is  killed  by  winter  cold. 

If  the  earth's  surface  were  of  uniform  character,  we  might 
expect  to  find  forms  of  vegetation  arranged  in  bands  or  zones  suc- 
ceeding each  other  from  the  equator  toward  the  poles,  each  occupied 
by  plants  "  hardier  "  than  those  of  its  equatorial  neighbour.  Such 
zones  of  vegetation  have  in  fact  been  laid  down  by  botanical  geo- 
graphers. Meyen  drew  up  a  plan,  in  which  a  number  of  zones 
were  marked,  defined  on  each  side  by  lines  passing  round  the  earth 
at  certain  parallels  of  latitude,  between  which  a  certain  average 
climate  was  assumed  to  exist. 

Zsothemud  Lines. — From  the  want  of  uniformity  of  the  surface  of  the 
globe,  the  isothermal  linesy  %,  e,  lines  pass^ing  through  spots  which  have 
an  equal  annual  temperature^  by  no  means  correspond  to  parallels  of 
latitude — the  distribution  of  land  and  sea,  and  the  alternation  of  plains 
and  mountains,  deflecting  such  lines  to  the  north  and  south,  sometimes  to 
a  very  great  extent.  In  addition  to  this,  from  the  diversity  of  habit  of 
plants,  the^  are  diflerently  affected  by  heat  and  cold,  and  the  distribution 
of  species  is  far  more  influenced  by  the  wmmer  and  winter  temperature 
than  by  the  entire  amount  of  heat  received  during  the  year. 

Nevertheless,  as  a  general  rule,  plants  have  a  polar  and  an  equatorial 
limit,  fixed  by  temperature. 

Temperature  as  regards  plants  may  he  divided  into  useful,  useless,  and 
injurious  or  destructive.  Each  plant,  as  we  have  seen,  requires  a  certain 
sum  of  heat  to  live,  so  much  more  to  flower,  more  still  to  ripen  its  fruit, 
&c.  Within  certain  limits  it  is  immaterial  whether  the  plant  get  this 
heat  in  a  short  period  or  diffused  over  a  longer  time.  Temperatures  below 
0^  C.  are  useless  to  most  plants  (that  is  to  say,  vegetative  action  is 

2ir2 
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arrested) ;  but  many  surviTe  at  a  much  lower  temperature.    Eveiy  pltot 
has  a  zero  of  its  own,  beyond  which  it  does  not  thrive. 

M.  de  Candolle  divides  plants,  in  their  relation  to  temperature,  into :— 1. 
Maerothemu,  or  plants  requiring  much  heat,  as  the  plants  of  intertropicsl 
regions ;  2.  Mesotherms.  plants  of  the  subtropical  and  warm  tempente 
zones,  subject  to  great  neats  and  never  for  any  length  of  time  to  fioet ; 

3.  MeiothermSf  or  plants  characteristic  of  the  cool  temperate  zones ;  and 

4.  MicrothermSf  or  alpine  or  arctic  plants  capable  of  existing  in  very  ccld 
regions. 

The  effect  of  temperature  on  plants  depends  rery  greatly  upon  their  habit : 
thus  annuals  which  accomplish  their  lite  functions  in  a  few  months  are 
indifferent  to  the  winter's  cold  if  there  is  heat  enough  to  enable  them 
to  ripen  their  seed  before  the  winter  comes  on.  Other  plants  are  pre- 
vented from  spreading  from  warm  latitudes  to  colder  by  deficient  sununer 
heat :  hence  a  division  of  plants  into  heat  lovers  (P/tiot^emui)  and  cold 
fearers  {Frigofuges), 

▲lUtnde. — An  important  qualification  arises  from  the  existence  of  high 
mountains  within  temperate  and  tropical  latitudes.  The  temperature  of 
the  soil  and  atmosphere  diminishes  with  the  defpt?e  of  elevation  above 
the  surface  of  the  ocean ;  and  a  succession  of  limits  are  found  upon  the 
sides  of  high  mountains  comparable,  and  in  a  prreat  degree  proportionaJ, 
to  the  polsjr  and  equatorial  limits  of  plants.  Mountains  situated  in  the 
tropics  possess  zones  of  climate  which,  at  successive  elevations,  resemble 
horizontal  zones  situated  between  the  base  of  the  mountains  and  the 
poles. 

Drought  and  MolBtnre. — MoiBtuie  and  drought  are  only  to  be  called 
secondary  climatal  influences,  from  the  circumstance  that  uiey  depend  in 
a  great  measure  upon  temperature,  either  directly  cr  indirectly.  In  the 
Arctic  regions  and  upon  mountain-tops,  covered  with  eternal  snow,  there 
is  drought  from  the  solidification  of  the  water.  In  temperate  and  trcpical 
regions  the  degree  of  humidity  is  dependent  not  merely  upon  temperature, 
but  upon  tills  combined  with  the  configuration  of  the  surface  of  uie  earth 
and  tne  nature  of  the  soil.  Wherever  the  temperature  of  the  atmosphere 
is  above  the  freezing-point  of  water,  it  takes  up  aqueous  vapour:  even 
ice  evaporates  in  warm  air ;  and  water  evaporates  m  proportion  to  the 
temperature  to  which  it  is  exposed. 

llbe  ocean,  especially  in  warm  latitudes,  gives  up  vast  quantaties  of 
aqueous  vapour  to  the  atmosphere,  which  it  delivers  in  veij  various  wars 
to  the  land  regions.  Islands  and  coasts  in  general  have  a  moist  climate, 
while  the  interior  of  continents  is  dry ;  but  these  rules  are  interfered  with 
by  currents  or  prevailing  winds,  carrying  air  loaded  with  moisture  in 
particular  directions.  As  an  example  of  this,  we  find  the  west  coast  of 
Euroj)e  with  a  much  damper  climate  than  the  opposite  east  coast  of 
America,  owing  to  the  Gulf -stream  and  the  winds  bringing  the  moisture 
of  the  West-Indian  Sea  in  a  north-west  current  on  to  our  coast.  On  the 
contrary,  the  j^revailing  winds  blow  off  the  west  coast  of  Nor^  Africa, 
and  those  received  on  tne  north-east  side  come  from  over  dry  land,  whence 
a  vast  tract  of  land  lying  in  this  continent  becomes  an  arid* desert. 

There  is  a  great  dinerence  also  between  mountainous  and  flat  counl7ie& 
The  cold  upper  regions  of  tropical  mountains  arre^st  the  prevailing  cunenti 
of  air  and  precipitate  the  mcistuie  which  they  contain.    Hence  the  tiacta 
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at  the  foot  of  mountains  are  well  supplied  -with  moisture  if  the  altitude 
i>  sufficient,  as  at  the  south  slope  of  the  Himalayas  and  the  east  slope  of 
the  Andes.  i£tna,  which  does  not  reach  the  line  of  perpetual  snow  in 
Earope,  has  arid  and  barren  slopes  in  the  upper  repfions. 

HaMt  in  relation  to  Moisture. — Plants  are  divided  into  XeropAileSf  or 
those  capable  of  existing  in  very  dry  climates;  Hyprophiies,  or  those 
which  can  only  exist  in  the  presence  of  abundant  moisture ;  an  inter- 
mediate group  18  called  NUerophUe,  Xerophiles  are  frequently  marked 
br  structural  characters,  such  as  the  succulent  tissues  encased  within  a 
thick  leathery  rind  which  admits  of  little  transpiration,  S^dunty  CaetuBf  &c. 

The  presence  of  bulbs  or  of  thick  stocks  and  large  rigid  or  fleshy 
le&ves  is  another  characteristic  of  drought-resisting  plants.  Another 
characteristic  type  of  vegetation  in  such  districts  is  that  represented  by 
dry,  much-brancned  spin^  trees  or  shrubs  with  scanty  foliage  and  small 
leaves.  Resinous  exudations,  dotted  leaves,  dense  covering  of  hairs,  are 
other  structural  peculiarities  characteristic  of  plants  of  dry  regions.  Such 
variations  in  '^  habit "  are  common  to  most  natural  orders,  and  are  indica- 
tions, not  of  genetic  relationship,  but  of  adaptation  to  circumstances :  thus 
Cacti  and  Euphorbias  have  often  the  same  ^^  habit,"  because  living  under 
similar  conditions,  but,  geneticall^r,  they  are  very  wide  apart.  A  complete 
account  of  this  branch  of  the  subject  would  require  a  volume  for  itself. 

Of  all  the  influences  to  which  plants  are  exposed,  climate  is  the 
most  important ;  it  sets  absolute  limits  to  species,  which  is  not  the 
case  with  any  other  of  the  causes  affecting  distribution. 

Secondary  Natural  Influences, 

There  is  no  doubt  that  the  distribution  of  plants  is  greatly 
affected  by  the  conveyance  of  seeds,  fruits,  &c.  from  place  to  place 
within  the  same  climatal  region,  by  marine  currents,  rivers,  winds, 
&c.,  and  by  animals,  especially  birds. 

Corrents. — An  example  of  diffusion  by  marine  currents  is  furnished  by 
the  occurence  of  the  Cocoa-nut  Palm  fringing  the  islands  of  the  Pacific ; 
and  it  is  probable  that  the  mixed  vegetation  of  many  islands  is  to  be 
accounted  for  in  part  by  such  causes.  Marine  currents  are  of  most  im- 
portance when  they  pass  along  coasts,  or  across  tracts  of  ocean  in  similar 
latitudes — such  as  that  part  of  the  Gulf-stream  running  in  the  Mexican 
Gulf,  the  currents  running  from  Madeira  to  the  Canaries,  from  the  last  to 
Senegal,  the  east-to-west  current  of  the  Society  Inlands,  &c.  The  seeds 
of  (hiHandina  jBonduc,  a  West-Indian  tree,  have  been  found  in  a  ger- 
minating condition  on  the  Cornish  coast,  where,  however,  the  climate 
U  not  sufliciently  favourable  for  it  to  establish  itself.  Kivers  are  most 
influential  when  they  flow  from  the  east  or  west.  Currents  of  any  kind 
pa.s.<ing  northwards  or  southwards  are  less  likely  to  convey  seeds  &c.  into 
a  suitable  climate  for  their  naturalization. 

Winds. — ^The  winds  do  not  appear  to  be  very  influential  in  transporting 
Phanerogamous  plants ;  but  the  cosmopolitan  distribution  of  the  Crypto- 
gams is  at  least  partially  attributable  to  the  facility  with  which  tneir 
niicroacopic  spores  are  carried  away  by  currents  of  ur. 
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Icebergs,  OUuden. — Icebergs  probably  have  some  share  in  diffusing 
plants,  since  they  are  often  found  loaded  with  masses  of  earth  contaimng 
seeds,  which  they  occasionally  cast  upon  strange  shores.  There  is  reaaon 
to  believe  that  this  kind  of  influence  was  far  more  actively  at  work  in 
North  Europe  in  the  geological  period  preceding  the  present. 

Animals,  fto. — The  transport  by  animals  takes  place  partly  through 
migrating  birds,  partly  by  quadrupeds  which  have  wandering  habits 
Among  birds,  many  ot  the  onmivorous  kinds  (for  instance  the  Thrushes) 
migrate  from  nortn  to  south  in  autumn,  at  the  time  when  berries  and 
siimlar  fruits  are  ripe,  and  they  often  void  the  seeds  of  these  fruits  little 
altered.  Animals  which,  like  the  northern  Reindeers  and  Bufialoes  &c. 
of  other  lands,  travel  from  place  to  place  in  troops  in  search  of  food, 
doubtless  often  carry  seeds  and  fruits  adhering  to  their  fur  into  new 
localities.  Flocks  of  animals  transported  through  human  agency  become 
more  fruitful  sources  of  this  influence. 

Animals  mav  likewise  greatly  affect  vegetation  in  the  way  of  limitation. 
The  invasion  o^  a  region  bv  flocks  of  grammivorous  Quadrupeds,  the  sudden 
appearance  of  plagues  of  locusts  or  any  other  oi  the  numerous  insect 
enemies  of  vegetable  life,  m^j  quite  change  the  character  of  the  vegeta- 
tion of  a  distnct,  somewhat  in  the  manner  in  which  a  totally  different 
assemblage  of  plants  springs  up  on  the  ground  cleared  by  buining  the 
primaeval  forests  of  South  America. 


Effects  of  Human  Interference, 

Uigratioiis. — ^The  result*  of  the  activity  of  man  display  them- 
selves in  both  extensions  and  limitations  of  the  distribution  of 
species. 

From  the  time  of  the  earliest  migrations  of  the  human  race,  cer- 
tain plants  must  have  been  in  a  condition  of  constantly  increasing 
diffusion.  The  native  countries  of  our  Cereal  grains  are  not  satis- 
factorily known :  they  have  been  or  are  cultivated  wherever  thej 
will  grow  in  Europe  and  the  adjoining  parts  of  the  other  continents. 
Doubtless  many  of  what  we  call  weeds  have  shared  in  the  transport 
of  the  seeds  of  useful  plants,  having  been  either  mixed  with  them 
or  accidently  adherent  to  the  clothes,  goods,  or  domesticated  ani- 
mals of  the  wandering  races. 

Transport  of  this  kind  would  be  still  more  active  as  agriculture 
extended ;  and  wars,  the  improvement  of  navigation,  the  discovert 
of  the  New  World,  and  countless  minor  events  contributed  to 
increase  the  interchange  of  the  natural  products  of  different  regions, 
either  intentionally  or  by  accident. 

Cultivation,  fre. — Systematic  cultivation  of  land  is  peculiarly  favourable 
to  the  intermixture  of  new  elements  in  the  floras  of  particular  regions, 
from  the  fact  that  seeds  of  many  varieties  of  useful  plants  are  constantly  im- 
ported from  climates  where  they  ripen  better  or  can  be  kept  more  easily 
at  a  higher  standard  of  excellence. 
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Clovei^seed,  for  instance,  is  largely  imported  into  Britain  from  France 
and  Grermany ;  many  of  the  weeds  of  our  arable  lands  have  doubtless  been 
introduced  with  foreign  seed,  such  as  Adonis  autumnahs,  Veronica  Bux^ 
houmiiy  Papaver  somniferum,  &c  Ballast-heaps  at  sea-ports,  where 
Te&sels  returning  home  from  foreign  countries  discharge  their  oallast,  have 
become  frequent  sources  of  new  importations ;  and  merchandise,  such  as 
cotton,  but  especially  seeds,  fruits,  dye-stuffs,  &c.,  often  contains  seeds  of 
plants,  some  of  which  now  and  then  acquire  a  footing. 

Horticulture  is  so  evidently  one  of  the  most  important  influences  in 
the  diflusion  of  plants,  that  it  is  scarcely  requisite  to  dwell  upon  it. 

Extermination  of  Plants. — On  the  other  hand,  human  industry  has  a 
great  tendency  to  exterminate  particular  forms  of  vegetation,  or,  at  least, 
to  greatly  affect  their  relative  predominance  in  a  ^ven  region.  The 
destruction  of  forests  for  the  purpose  of  clearing  Leuid  for  cultivation 
changes  the  whole  face  of  vegetation,  and  even,  to  some  extent, 
affects  the  local  climate,  as  also  do  drainage  operations  in  their  degree. 
Instances  of  change  of  this  kind  might  be  furnished  from  almost  every 
part  of  the  globe.  North  Europe  was  clothed  in  earlier  times  of  the  pre-* 
sent  period  with  dense  forests,  long  since  cleared  awav  to  give  place  to 
cultivated  plants  and  a  multitude  of  wild  plants  suited  to  the  different 
conditions  of  the  soil.  The  forests  of  North  America  are,  in  like  manner, 
disappearing  b^  degrees  under  the  hand  of  man. 

The  change  is  not  merely  one  kept  up  by  a  continual  effort  of  cultiva- 
tion ;  the  original  vegetation  does  not  always  reestablish  itself  when  the 
region  is  deserted.  New  lands  of  plants  spread  over  the  cleared  ground, 
and  new  animal  inhabitants  come  to  check  the  efforts  of  the  old  forests  to 
renew  themselves. 

Sect.  2.  Influence  of  the  Laws  of  Development  of  Plants. 

Plants  of  Wide  DistribntioiL — If  we  leave  out  of  view  the 
question  of  the  origin  or  creation  of  plants,  there  is  no  reason  why 
any  given  species  should  not  exist  in  all  places  where  the  climate 
is  suitable. 

Some  kinds  of  plants  are,  indeed,  very  widely  spread  over  the  surface  of 
the  globe.  Hooker  has  enumerated  upwards  of  30  species  of  Flower- 
ing plants  common  to  Northern  Europe  and  the  Antarctic  regions.  A 
considerable  number  of  North-European  species  extend  round  the  globe 
in  northern  latitudes,  in  the  colder  parts  of  North  America  and  Asia* 
Not  a  few  of  our  plants  occur  also  on  the  Himalayan  Mountains.  Epi-- 
lobium  tetragonum,  a  British  species,  is  found  in  Canada  and  in  Tierra  del 
Fuego.  Our  white  Hedge-Convolvulus,  with  some  other  British  plants, 
occurs  in  the  Galapagos  Islands.  Many  of  the  Falkland-Island  plants  are 
met  with  also  in  Iceland.  Plantago  mantimaj  a  common  sea-side  plant 
with  us,  is  found  at  the  Cape  of  Good  Hope  and  at  the  southern  extremity 
of  America. 

Kepreeentatives  of  some  few  natural  orders  occur  in  all  regions,  e,  g. 
CompositflB,  Leguminosse,  Cyperacese,  Filices,  Equisetaoese,  and  a  few 
others.  A  few  genera  also,  such  as  Stnedo,  MubuSf  FUmtago,  OxaUSj  have 
also  representatives  in  all  regions.    Very  few  species  are  thorougly  cos- 
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mopolitan,  some  water- weeds  (PotamogeUm)  are  nearly  so;  Shepherd^s 
purse  \CapseUa  bursa  pastoris)  is  another  instance.  Many  of  the  macro- 
therms  are  common  to  the  tropics  of  both  hemispheres,  the  midotheniu 
and  mesotherms  are  less  cosmopolitan. 

Instances,  however,  of  such  cosmopolitan  plants  are  exceptions 
to  the  rule,  and  the  majority  of  the  plants  oocorring  over  wide 
extents  of  the,  globe  present  characters  which  ^idlitate  their  dif- 
fusion by  natural  or  artificial  influences. 

The  plants  (Fhanero^amia)  occupying  even  one  third  of  the  earth's 
surface  are  but  a  small  fraction  ot  Jmown  plants.  Many  of  these  are 
aquatic  or  subaquatic  plants ;  and  a  considerable  number  belong  to  the 
list  of  weeds  which  Bccompany  man,  growing  in  cultivated  land  or 
rubbish  &c. ;  few  or  no  woody  plants  occur  in  the  lists  hitherto  pub- 
lished. 

It  is  observable  that  those  cosmopolitan  species  which  occur 
widely  spread  over  two  continents  are  found  also  in  the  adjacent 
islands. 

The  Arctic  plants  occurrinjr  in  the  continents  of  the  Old  and  New 
World  are  found  also  in  the  laroes,  Iceland,  and  the  Aleutian  Islands. 

Plants  of  Restricted  Distribntion. — On  the  other  band,  certain 

plants  occur  only  within  very  narrow  limits ;  this  is  the  case  vith 

many  continental  species,  but  more  particularly  with  insular  plants, 

as  mentioned  in  a  subsequent  paragraph  under  the  head  of  insular 

floras. 

Area  of  Distribntion. — Generally  speaking,  the  species  of  plants 
of  a  continent  are  found  most  abundantly  over  a  particular  more 
or  less  extensive  tract,  growing  scarcer,  more  or  less  suddenly,  at 
the  margins  of  this  space.  Such  a  space,  called  the  area  oi  distn- 
bution  of  the  species,  in  these  oases  exhibits  a  centre  or  point  of 
greatest  intensity  of  occurrence. 

The  areas  of  many  plants  extend  not  only  over  continents,  but 
over  detached  islands,  and  even  to  other  continents.  In  many 
instances  species  are  spread  interruptedly  over  their  area,  as  is  the 
case  with  the  alpine  plants  common  to  Norway,  Scotland,  and  the 
Alps,  <fec. 

Representatiye  Species. — It  is  usual  to  find  the  maximum  of  a 
species  in  one  country,  forming  a  single  centre ;  and  this  same 
species  does  not  recur  again  with  a  centre  in  a  distant  spot  with  a 
similar  climate  and  soil.  But  representative  species  of  the  same 
genus  occur  not  unfrequently  uuder  such  circumstances ;  and  this 
is  still  more  the  case  with  genera  of  particular  Orders,  sometimes 
also  with  the  Orders  of  like  habit. 

Thus,  the  Violets  of  Europe  and  those  of  North  America  are  distinct ; 
the  dwarf  Palm,  Chamterops  kumilis,  of  Europe,  is  represented  by  C. 
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JPaimeUo  in  North  America.  The  Heaths  (Srica)  of  Europe  are  repre- 
sented hy  diflerent  species  at  the  Cape  of  Good  Hope.  The  East  and 
West  Indies  and  Africa  have  their  peculiar  Pabnaceae,  Zingiherace®, 
Harantaceae.  &c.  The  succulent  Cactacese  of  Central  America  represent 
the  fleshy  Euphorbiaceae,  Asclepiadacece,  and  Mesembrjanthaeese  of 
Africa,  the  Cape  Heaths  are  represented  in  Australia  by  Epacridaceae, 
associated  in  like  manner  with  MyrtaceSB  and  Proteace®.  The  Firs  of 
the  southern  hemisphere  belong  to  genera  distinct  from  those  of  the 
northern  hemisphere,  &c. 

Specific  Centres. — The  eyident  absence  of  a  constant  relation 
between  the  existence  of  certain  climatal  conditions  and  the  occur- 
rence of  particular  species  of  plants — still  more,  the  existence  of 
limited  arecu  of  distribution,  often  exhibiting  centres  of  greatest 
abundance — have  led  to  the  supposition  that  the  individual  species 
of  plants  have  been  created  at  particular  centres,  \v  hence  they 
have  spread  themselves  over  more  or  less  extensive  tracts,  in  the 
course  of  their  extension  becoming  intermixed  \cith  other  species, 
and  thus  producing  complex  assemblages. 

The  spreading  of  what  are  called  social  plants,  such  as  Fasture^rasses, 
Furze,  various  forest-trees,  &c.,  illustrates  the  facility  with  which  many 
plants  extend  themselves  over  new  ground*  The  Anacharis,  a  North- 
American  water-plant,  has  been  diffused  all  over  England  within  the  last 
few  years.  The  aiifusion  of  certain  plants  is  also  greatly  dependent  on 
the  success  of  some  plants  over  others  in  the  struggle  for  existence  which 
is  ever  going  on  in  nature.  It  does  not  follow  that  the  wild  plants  in  any 
given  area  are  those  which  are  best  adapted  for  that  situation.  They  are 
often  the  weakest,  and  are  overpowered  by  other  plants.  In  tliis  way 
native  vegetation  constantly  gets  exterminated  by  foreign  intruders. 

In  this  hypothesis  it  is  imimportant  whether  we  imagine  a 
single  plant  (or  pair  of  dicecious  plants)  or  a  more  or  less  extensive 
assemblage  of  individuals  to  have  been  created  on  the  same  spot. 
This  is  a  question  impossible  to  be  solved  by  science. 

Some  authors  believe  that  species  have  been  created  at  many  points 
where  the  conditions  were  fitting,  explaining  in  this  way  the  interrupted 
areas  of  certain  plants. 

SnccessiTe  Creation  of  Species. — The  facts  reyealedby  Geology, 
as  well  as  by  Botany  itself,  tend  to  prove  that  the  creation  of 
species  has  not  been  simultaneous,  but  successive,  in  dilEerent 
geological  periods.  Not  only  do  we  find  in  thtf  older  forma- 
tions fossil  plants  different  from  living  vegetation,  but  those  beds 
immediately  preceding  the  present  surface  of  the  earth  contain  not 
only  remains  of  animals  of  existing  species,  but  fossil  plants  closely 
resembling,  if  not  identical  with,  existing  plants. 

EziBtiiig  Agencies  not  sufficient  to  account  for  Plant-distri- 
Imtion. — Numerous  cases   of  scattered  distribution  of   existing 
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vegetation  cannot  be  explained  by  reference  to  existing  influences, 
such  as  transport,  &c.  Thus  species  with  large  seeds  grow  in 
countries  between  which  apparently  insuperable  obstructions  to 
transport  exist ;  many  species  are  common  solely  to  the  tops  of  very 
distant  mountains ;  many  widely  distributed  aquatic  plants  pro- 
duce seeds  which  sink  to  the  bottom  of  the  water  when  ripe,  &c 

Again,  species  are  wanting  in  regions  so  well  adapted  to  their 
existence  that,  when  artificially  introduced,  they  establish  them- 
selves like  natives.  Certain  countries,  separated  by  broad  oceans, 
have  more  species  in  common  than  either  the  distance  or  nature  of 
their  climate  would  render  probable  under  ordinary  circumstances; 
while  contiguous  countries,  with  similar  climates,  sometimes  pre- 
sent very  different  species. 

Some  countries  are  remarkable  for  a  great  number  of  species  in 
a  given  area,  others  for  paucity  of  species. 

Lastly,  species  of  simple  structure  (Rushes,  Grasses,  &c.^  have 

often  wide  range,  even  though  their  seeds  are  not  more  easy  of 

.transport  than  usual,  while  others  of  higher  organization,  with 

seeds  or  fruits  easily  transported  (Composite,  &c.)  often  occur  in 

very  limited  areas. 

To  sum  up  these  statements,  the  occurrence  of  certain  species,  as 
a  general  rule,  in  one  region  rather  than  another,  their  abundance 
in  particular  localities,  the  extension  and  especially  the  disjunction 
of  species  destitute  of  efficient  means  of  transport,  the  non-exten- 
sion, on  the  contrary,  of  species  possessing  seeds  easy  of  transport, 
certain  analogies  and  certain  differences  between  the  floras  of 
several  countries,  and  their  relative  richness  in  distinct  forms — ^all 
these  important  phenomena  are  inexplicable  by  causes  now  in 
active  operation  ;  and  we  are  consequently  led  to  seek  their  solu- 
tion by  the  aid  of  geological  inquiries. 

The  late  Edward  Forbes  was  the  first  to  open  this  line  of  inouiry,  in 
a  most  acute  and  ingenious  Essay  on  the  Origin  of  the  existing  Elora  of 
Britain.  Hooker  has  pursued  the  same  line  of  reasoning  in  his  inqniiiea 
into  the  botanical  geography  of  the  southern  hemisphere. 


Sect.  3.  Geological  Intluences. 

Natural  Science  is  incapable  of  elucidating  the  actual  origin  or 
creation  of  organic  beings ;  but  it  seeks  to  trace  up,  as  nearly  as 
possible,  to  the  earliest  periods  the  phenomena  exhibited  by 
created  things  or  beings,  and  the  successive  and  gradual  evolu- 
tion of  forms  according  to  the  laws  of  variation,  the  influence  of 
vital  competil  ion  and  exteroal  conditions,  as  previously  mentioned. 
In  addition,  the  botanist  seeks,  by  geographical  and  geological  in- 
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quLries,  to  discover  the  probable  aboriginal  localities  of  species  of 

plants. 

It  is  impossible  to  say  in  what  part  of  the  globe  plants  first  appeared. 
Probably  they  grew  on  lands  now  submerged  oeneath  the  ocean^  or,  still 
ID  ore  likely  y  they  were  perishable  aquatic  plants  which  have  left  no  trace 
of  their  existence.  Geology  teaches  that  the  dry  land  of  the  globe  has 
been  successively  elevated  and  depressed  below  the  surface  of  the  sea  at 
various  epochs  since  plants  were  nrst  created  ;  hence  there  have  existed 
successive  and  variaole  centres  of  creation.  There  may  have  existed 
means  of  commimication  between  diiferent  centres,  so  that  species  may 
have  passed  over  from  one  to  another,  and  in  this  way  survivea  in  a  new 
locality  the  destruction  of  their  birthplace. 

Species  have  made  their  appearance  successively  during  different 
geological  epochs,  and  have  had  more  or  less  extended  duration. 

Probably  most  of  our  existing  species  date  from  an  epoch 
anterior  to  that  at  which  the  existing  continents  acquired  their 
present  configuration.  A  large  proportion  of  the  present  genera 
were  in  existence  before  the  end  of  the  Secondary  period. 

They  may  have  spread  widely  in  ancient  times,  and  their  area 
may  have  been  broken  up  subsequently  by  obstacles  now  insur- 
mountable. They  may  have  been  transported  in  past  ages  by 
causes  not  now  in  operation. 

Thus  the  disjunction  of  certain  alpine  and  arctic  species,  that  of  aquatic 
or  marsh-plants  in  difierent  countries,  that  of  large-seeded  plants  in  inlands 
and  more  or  less  distant  continents,  may  be  explained  by  their  antiquity 
ur  former  wide  difiusion,  as  well  as  by  supposing  creation  at  various 
points. 

The  species  at  present  confined  within  small  areas,  in  spito  of 
means  of  transport  or  continuity  of  land  and  suitable  climate, 
would  appear  to  be  those  of  most  recent  creation ;  that  is,  they 
seem  to  have  originated  since  the  existing  continents  were  formed. 
Widely  spread  species,  on  the  other  hand,  which  are  diflBcult  of 
transport  are  probably  the  most  ancient. 

In  the  comparison  of  successive  geological  formations,  it 
appears  that  the  earliest  plants  were  chiefly  species  of  simple 
organization  and  few  in  number — and  that  by  degrees  more  highly 
organized  plants  were  added  and  replaced  many  of  the  earlier  ones, 
which  perished.  In  existing  vegetation  the  simpler  kinds  seem 
to  be  the  most  ancient,  and  those  of  more  complex  structure 
more  recent,  judging  from  the  wider  diffusion  of  the  former  than 
the  latter. 

Ligneous  plants  established  themselves  in  northern  and  temperate 
countries  at  an  epoch  when  the  climate  must  have  been  more  humid  and 
more  cloudv  than  at  present.  At  the  present  time,  rejrions  in  the  South 
of  Europe,  "North  Africa,  the  Canaries,  the  Southern  United  States,  and 
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elsewhere  onoe  cleared  and  exposed  to  the  influence  of  the  sud,  do  not 
become  clothed  again  by  forests  such  as  they  possessed  formerly.  Coni- 
fere  and  Amentaceous  plants,  which  form  the  chief  constituents  of  forests 
in  these  re^ons,  are  Phanerogams  of  low  organization.  Their  probaUe 
antiquity,  judging  from  their  occurrence  in  masses  in  certain  countries, 
confirms  the  view  that  existiog  species  are  of  unequal  antiquity,  and  that 
the  older  species  are  of  lower  type. 

The  facts  of  existing  Botanical  Geography  are  in  general  clear 
and  concordant,  if  we  suppose  that  the  most  ancient  species  of 
Phanerogams  comprise  the  majority  of  plants  either  aquatic  or 
loving  moisture,  then  many  northern  and  alpine  plants  and  most 
of  the  trees  of  our  temperate  regions.  Vie  may  suppose  at  the 
same  time  that  the  most  recent  species  occur  principally  among 
the  plants  of  warm  regions,  among  the  Dicotyledons  with  an 
inferior  oTary  and  a  gamopetalous  corolla  (such  as  Compositap, 
Dipsaceae,  Campanulacese,  &c,)  and  among  the  other  Phanerogams 
with  structure  complicated  in  other  respects  (such  as  Orchidaceae, 
Palmace83,  Apoc3mace8&,  Asclepiadaoese,  Cucurbitaoeso,  Passifloraces, 
Begoniaoesd,  &c,). 

(The  considerations  stated  in  this  Section  are  derived,  with  slight  modi- 
fications, from  the  *  G^ographie  Botanique '  of  Alph.  Be  Gandode,  a  most 
important  general  work  on  this  subject,  which  should  be  studied  by  all 
those  who  are  interested  in  these  questions.  Lyells  'Principles  of 
Geology,'  voL  ii.  Book  iii.,  and  Darwin's  '  Origin  of  Species  *  should  also 
be  consulted,  and  for  a  brief  summary  Mr.  Baker's  *  Elementaiy  Leesons 
on  Botanical  Geography.') 


CHAPTER  II. 
BOTANICAL  GEOGRAPHY. 
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Sect.  1.  DiSTEiBUTioN  OP  Plants  inf  Climatal  Zones  betweek 

THE  EQUATOB  and  THE  POLES. 

The  description  of  the  actual  conditions  of  vegetation  on  the 
surface  of  the  globe  is  a  subject  embracing  a  vast  amount  of  facts, 
which  are  not  only  capable  of  being  considered  under  many  dif- 
ferent points  of  view,  but  in  many  respects  offer  at  present  only 
fragmentary  materials  for  establishing  principles.  In  the  present 
work,  where  only  a  limited  space  can  be  allotted  to  this  depart- 
ment, it  is  necessary  to  confine  ourselves  to  a  few  of  the  principal 
generalizations,  calculated  to  give  an  insight  into  the  characters  of 
the  study,  but  confessedly  very  imperfect  as  representations  of  the 
natural  phenomena  with  which  it  deals. 
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Clixnatal  Zones. — In  the  preceding  Chapter  we  have  seen  that 
cliiiiate  has  a  most  important  influence  upon  vegetation  ;  and  pro- 
ceeding on  this  ground,  it  is  possible  to  divide  the  surface  into 
climated  zones,  within  which  a  certain  average  character  of  vegeta- 
tion exists.  But  mere  temperature  is  but  one  of  the  influences  ; 
and  it  is  evident  that  many  diverse  conditions  must  exist  within 
such  climatal  zones^  dependent  upon  the  other  influences  above 
referred  to.  Hence,  although  the  general  views  afEorded  by  mark- 
ing out  climatal  regions  are  useful  to  the  beginner,  it  is  necessary 
to  bear  in  mind  that  they  are  essentially  superficial.  In  Meyen's 
subdivision  of  the  globe,  the  zones  were  defined  by  parallels  of 
latitude ;  but  the  distribution  of  temperature,  the  chief  agent  here 
regarded,  is  so  irrelative  to  the  parallels,  especially  in  the  northern 
hemisphere,  that  we  have  modified  them  by  isothermal  lines  ob- 
tained from  Dove's  maps.  The  isotherms  selected  are  mostly 
annual  temperatures ;  but  in  defining  the  Arctic  regions  it  has 
appeared  more  natural  to  take  the  line  indicating  an  equal  tem- 
perature in  the  months  of  September  and  July. 

In  the  following  summary  the  names  of  Meyen's  zones  are 
retained ;  the  peculiar  limitation  by  isothermal  lines  is  indicated 
for  each  zone. 

1.  Tlte  Eq^tfttorial  Zone, — ^This  zone,  as  limited  by  us,  comprehends  but 
a  comparatively  small  range  in  the  New  World,  and  is  most  developed  in 
the  Old,  esDecially  in  Africa.  On  consulting  an  isothermal  map,  it  will  / 
be  observea  also  that  the  larger  portion  of  it  lies  on  the  north  side  of  the 
equator,  since  the  preponderance  of  land  in  the  northern  hemisphere 
deflects  the  isothermal  linas  in  this  direction.  The  boundaries  are  the 
annual  isotherms  of  79^*3  F.  (26°  C.)  on  each  side  of  the  equator ;  but  it 
may  be  noticed  that  iu  Africa,  as  well  as  in  Hindostan  and  in  the  Indian 
archipelago,  there  exist  between  these  lines  circumscribed  regions  in 
which  the  annual  isotherms  rise  to  8P-5  F.  (27°  C). 

The  characteristics  of  this  zone  are  marked  by  the  extreme  luxuriance 
of  vegetation,  from  the  great  heat,  together  with  the  abundant  moisture. 
The  trunks  of  the  trees  attain  enormous  diameter ;  the  flowers  have  most 
brilliant  colours ;  and  not  only  is  the  earth  clothed  most  profusely  with 
numberless  forms  of  plants,  nut  the  trees  are  overgfrown  by  Orchids, 
Aroids,  Bromeliaceee,  and  Ferns,  and  matted  tofrether  by  lA'anes,  or 
gigantic  rope-like  woody  climbers ;  so  that  the  primeeval  forests  present 
such  a  dense  ma^s  of  vegetation  as  to  he  almost  impenetrable,  even  to 
the  explorer  who  advances  axe  in  hand.  The  Palms,  the  Banana  tribe 
(Musacew),  arborescent  Grasses,  Pandanw,  Scitamineae,  and  OrchideaB 
are  very  striking  features ;  the  Fig-trees  of  most  varied  Idnds,  the  Silk- 
Cotton-trees  (Bombacese)  also  abound  both  in  the  Old  and  New  Worlds ; 
the  Ceesalpiniae,  Malnigbittceae,  Anacardiaceae,  SwietenisB,  Anonese,  Ber- 
thoUetiffi,  and  Lecytnideie  especially  mark  the  forests  of  America ;  the 
Sapindaceee,  Artocarpi,  Sterculiaceae,  EbenaceaB,  Meliaceie,  Laurineao, 
&c.  those  of  the  Old  World.  In  this  zone  also,  in  the  Indian  archipe- 
lago, occurs  the  most  remarkable  of  the  Rhizanths,  the  gigantic  parasite 


d 


670  GEOOBAPHICAL  AKD  OEOLOGICAX  BOTAJTX. 

jRaffleaiaf  with  its  flowers  8  feet  in  diameter ;  while  in  America  this  is 
almost  rivalled  by  the  Victoria  Water-lily,  and  the  Arlstolochias  with 
their  enormous  helmet-like  flowers — said,  indeed;  to  be  worn  in  sport  aa 
caps  by  the  Indian  boys. 

Kich  as  the  vegetation  of  this  zone  is  in  general,  we  find  within  the 
limits  some  of  the  poorest  tracts  upon  the  globe — namely,  where  water  is 
wanting.  The  African  desert  and  a  portion  of  Arabia  are  the  most  striking 
examples ;  but  the  llanos  of  Venezuela  are  scarcely  less  parched  and  life- 
less during  the  dry  season,  and  in  the  rainy  season  present  only  gnssj 
plains  like  the  steppes  of  Central  Asia,  "f  he  poverty  of  these  tracts  is 
accounted  for  by  tneir  peculiar  position,  cutting  them  off  from  the  in- 
fluence of  moist  currents  of  air,  their  natural  waterless  condition  being 
of  course  dependent  on  the  geological  changes  which  gave  them  their 
present  configuration. 

2.  The  Tropical  Zones, — ^These  extend,  in  the  north  and  south  hemi- 
spheres, from  the  boundaries  of  the  equatorial  zone,  at  the  isotherms  of 
7^°-3  F.  (26°  C),  to  the  isotherms  of  72°-5  F.  (22°  C).  Taken  altogether, 
the  characteristics  of  these  zones,  as  might  be  expected,  are  closely  allied 
to  those  of  the  preceding.  Rio  de  Janeiro  and  Canton  are  cited  by'Meyen 
as  instances  of  this  resemblance ;  Palms,  Bananas,  Cannaoese,  Meliame, 
Anonacese,  and  Sapindaceae  prevail  (in  humid  districts)  here,  and  Orcbid^s 
Pothos-like  plants,  and  Lianes  abound.  The  Tree-Fems,  the  Pepper- 
plants,  Melastomaceffi,  and  Convolvulaceffi,  however,  become  more  pro- 
minent here,  and  serve  as  distinctive  characters ;  and  it  is  stated  that,  in 
these  zones,  the  forests  exhibit  fewer  parasites  and  more  underwood.. 
That  portion  of  the  western  coast  of  South  America  lying  within  the 
south  tropical  zone  forms  an  exception  to  the  general  rule  of  luxuriance 
of  yegetation,  as  does  the  inland  tract  of  Africa  bordering  on  the  equa- 
torial zone. 

8.  The  Subtropical  Zones. — ^These  are  bounded  on  the  eauatorial  side  by 
the  annual  isotherm  of  72°"o  F.  (22°  C),  and  towards  the  poles  by  the 
isotherms  of  68°  F.  (20°  C).  The  countries  lying  within  these  enjoy  the 
most  delightful  climates  on  the  globe.  Though  the  summer  heat  never 
rises  to  the  intense  heat  of  the  torrid  zone,  it  suffices  to  ripen  most  of  the 
tropical  fruits;  while  the  winters  are  so  mild  that  vegetation  is  never 
arrested.  Pahns  and  Bananas  are  still  met  with  in  the  plains,  and 
arborescent  Grasses  form  a  feature  of  the  landscape,  both  m  Axoerica 
and  Asia ;  but  the  most  striking  character  of  these  regions  is  formed 
by  the  abundance  of  forest-trees  having  broad,  leathery,  and  shining 
leaves,  such  as  the  Magnolias  and  the  LiauraceaB,  and  also  of  the  plants 
of  the  Myrtle  tribe.  Proteacen,  Acacias,  and  Heatha  attain  their 
maximum  development. 

4.  The  Warmer  Temperate  Zones. — ^Equatorial  boundaries,  the  annual 
isotherms  of  68°  F.  (20°  C.^  ;  polar  boundaries,  the  isotherms  of  54*'-6F. 
(say  12°  C).  The  general  characteristics  of  these  zones  arise  from  the 
combination  of  the  shining,  leathery-leaved  trees  of  the  subtronical  zones 
with  the  forest-trees  which  we  find  in  our  own  countiy,  sucn  as  Oaks, 
Beeches,  &c. ;  the  Palms  yanish ;  but  a  number  of  han<lsome  everpeen 
shrubs  present  themselves,  and  Heaths,  Cisti,  and  showy  Leguminous 
plants  are  very  abundant.    The  countries  lying  within  these  zones  in 
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difierent  parts  of  the  globe  differ  a  good  deal  in  their  Yegetation,  and 
we  may  therefore  enter  into  rather  more  detail  here. 

In  the  Mediterranean  region  evergreen  dicotyledonous  trees  with  glossy 
leaves,  showy  shrubs,  and  many  bright-coloured  bulbous  plants  abound ; 
Erica  arborea,  the  Bay,  and  the  Myrtle  are  characteristic  ;  the  Turkey, 
Holm,  and  Cork  Oaks,  the  Chestnut,  the  Strawberry-tree,  with  the 
Cherry-Laurel,  Laurustinus,  and  Pomegranate  are  frequent,  as  are  also 
the  Plillynsse,  Rosemary,  Oleander,  &c. 

The  Vine  is  a  native  of  this  zone,  and  is  said  to  attain  a  diameter  of 
3  to  6  inches,  and  to  climb  to  the  top  of  the  highest  trees  in  the  forests 
of  Mingrelia  and  Imeritia.  The  barren  tableland  of  Asia  falls  in  this 
zone,  as  does  Japan,  which  has  a  rich  vegetation.  In  America  are  found 
abundance  of  Oaks  and  Pines,  Magnoliaceas  (such  as  the  Tulip-tree),  a 
number  of  Leguminous  trees,  with  thorny  Smilax-^hrubs  and  gigantic 
Reeds;  the  Gleditschiae  on  the  banks  of  the  Ohio  are  evergreen,  with 
climbing  Bignoniss ;  evergreen  trees  here  correspond  to  those  of  Southern 
Europe,  intermingled  in  the  forests  with  Oaks,  Beeches,  Ash,  and  Pla' 
tonus  occidental^. 

In  the  southern  hemisphere  this  zone  includes  part  of  New  Zealand  and 
Australia,  where,  again,  evergreen  trees  are  intermixed  with  forest-trees 
with  deciduous  leaves ;  shrubby  Ferns  abound,  and  the  Leguminosse  and 
MvrtacetB  are  well  represented. 

In  South  America,  the  Pampas-plains  of  Buenos  Ayres  fall  in  this  zone, 
especially  characterized  by  arborescent  Grasses.  Southern  Chili  represents 
the  warm  temperate  vegetation  with  its  evergreen  forests  of  Myrtaceae, 
Beeches,  and  Araucarias,*  the  Fuchsia  is  also  characteristic  of  this  region. 
The  Chilian  Palm,  like  the  dwarf  Palm  of  Southern  Europe  and  the 
Palmetto  of  North  America,  forms  an  outlier  from  the  subtropical  region. 

5.  The  Cooler  Temperate  Zones, — Equatorial  boundaries,  the  annual 
isotherms  of  54°-6  F.  (12°  C.) ;  polar  boundaries,  tlie  isotherms  of  41®  F. 
(5°  C).  The  especial  charactenstics  of  these  zones  are  the  forests  of  deci- 
duous trees  with  mconspicuous  blossoms,  intermingled  with  social  Conifers, 
together  with  the  Grass-pastures.    Here  the  trunKs  of  the  trees  are  over- 

Sown  only  with  Mosses  and  Lichens ;  the  Honeysuckle,  the  Ivy,  and  the 
op  are  the  only  important  climbers,  very  different  from  the  Zianes  of  the 
tropics.  Shrubs  are  pretty  frequent,  but  they  mostly  lose  their  leaves  in 
winter,  such  as  Roses,  Brambles,  Vtbuma^  &c.  The' social  Dwarf-grasses 
on  good  soil,  with  the  Sedges,  Cotton-grasses,  and  Mosses  of  wet  ground, 
characterize  the  pliuns,  and  extensive  Heaths  prevail  in  some  districts. 
The  contrast  between  summer  and  winter  is  strongly  marked  in  the  aspect 
of  vegetable  life :  the  trees  are  stripped  of  their  leaves,  the  herbs  die 
dovm  to  dwarf  tufts,  or  hide  themselves  altogether  in  the  ground,  and 
the  snow  covers  the  surface  of  the  plains  in  severe  weather ;  but  the 
warmth  of  summer,  which  brings  out  a  lively  and  varied  show  of  flowers, 
is  sufficiently  high  to  ripen  the  seeds  of  many,  and  thus  annuals  are  more 
numerous  than  they  are  further  north. 

This  zone  is  not  represented  in  Africa  or  in  the  South  Sea*  In  South 
America  it  includes  Patagonia. 

6.  1%€  Subarctic  Zone, — ^Equatorial  boundary,  the  annual  isothermal 
line  of  41°  F.  (6®  C.) ;  polar  boundary,  the  isotherm  of  36°'6  F.  (2°  C.) 
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for  the  month  of  Septemher.  The  southern  boundaiy  of  this  zone  in  the 
northern  hemisphere  corresponds  pretty  nearly  to  the  limit  of  distribution 
of  the  Oak  in  Europe  and  tne  east  coast  of  I^orth  America,  the  northern 
boundary  to  the  limit  of  the  distribution  of  trees. 

The  striking  characteristic  of  this  zone  is,  indeed,  the  predominance  of 
the  Coniferous  trees  in  the  woods,  ^^ing  place  northwaraa  to  the  Birch 
and  Alder,  and  generally  alternating  with  Willows  where  the  soil  is 
moist.  Green  pastures  occur  universally,  especially  adorned  with  showy 
flowering  herbiin  the  epring  «id  Bumi/i. 

7.  The  Arctic  Zone. — The  equatorial  boundary  is  the  isotherm  of  36°'5 
F.  (2°  C.)  for  the  month  of  September,  or  the  polar  limit  of  arboreaoent 
vegetation  in  the  northern  hemisphere ;  the  polar  boundary  is  the  isothenn 
of  41  °  F.  (6°  C.)  for  the  month  of  July.  The  vegetation  of  this  wme  corre- 
sponds to  what  we  understand  commonly  as  Alpine  shrubs,  oonsistinir 
ciiieily  of  prostrate  shrubs,  with  a  peculia^  tortuous  and  compact  habit  of 
growth,  such  as  the  alpine  Rhododendra,  Andromedas,  the  dwarf  Birch  sod 
Alder,  the  Bog-Myrtle  and  dwarf  Willow,  with  a  variety  of  low-growinjf 
perennial  herbs,  remarkable  for  the  comparatively  large  size  and  bright 
colour  of  their  flowers.  Sedges  and  Cotton-grasses  occur  socially,  in 
some  places  covering  extensive  tracts ;  but  the  grassy  pastures  of  the  Isst 
zones  are  replaced  to  a  great  extent  by  tracts  covered  with  Lichens. 

8.  The  Polar  ^bw.— Equatorial  boundary,  the  isotherm  of  4P  F.  (6°  C.) 
for  the  month  of  July ;  pokr  limit,  the  isotherm  of  3G°-5  F.  (2°  C.)  for  the 
same  month.  This  zone  is  characterized  by  presenting,  in  the  four  to  six 
weeks  of  summer,  an  alpine  vegetation  devoid  of  even  shrubs,  and  con- 
sisting of  herbaceous  perennials  of  dwarf  habit,  such  as  Saxi£rages,  Ra- 
nunculi, PyrolsQ,  PotentillsB,  Dryas,  Draba,  &c.,  and  possessing,  moreover, 
certain  genera  (such  as  Parrya,  Phippgia,  and  others)  which,  althotigh 
they  extend  into  the  Arctic  zone,  are  not  met  with  in  the  alpine  regions  of 
the  mountains  of  the  more  southern  regions.  In  Spitzbergen,  the  number 
of  Cryptogamic  plants  is  remarkable,  the  Lichens  alone  equaDin^  the 
Flowenng  plants,  and  predominating  even  in  mass  as  well  as  number  of 
species. 


Sect.  2.  Hegions  of  Altitude. 

It  is  well  known  that  the  lofty  mountains  lying  within  the 
tropics  exhibit  a  graduated  variation  of  character  in  their  vegeta- 
tion, and  that  those  which  rise  above  the  limit  of  eternal  snow 
display  more  or  less  distinctly  marked  regions,  representing  the 
zones  lying  between  the  plains  at  the  foot  of  such  mountains  and 
the  eternal  ice  of  the  polar  zone. 

Humboldt  divided  the  surface  of  tropical  mountains  into  three 
zones,  representing  the  tropical,  temperate,  and  frigid  zones  of  the 
globe,  and  indicated  the  principal  subdivisions  of  these  regions. 
Meyen  attempted  to  lay  down  a  more  systematic  representation  of 
the  conditions  in  question,  corresponding  to  his  division  of  the 
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earth's  snrfaoe  into  zones.  Great  difBcalty  interposes  here  in  any 
attempt  at  generalization,  since  local  conditions,  arising  from  aspect, 
and  conformation  of  surface,  either  giving  more  or  less  of  preci- 
pitous character,  accompanied  by  sudden  changes,  or  producing 
elevated  plains,  ^.,  cause  such  great  difEerences,  even  within  the 
limits  of  single  mountain-systems,  that  no  absolute  rule  can  be  ap- 
plied. The  rules  laid  down  by  Meyen  apply  pretty  well  to  his 
zones  within  the  limits  of  Europe ;  but,  in  the  delineation  of  the 
regions  of  altitude  of  greater  extent,  great  variation  presents  itself 
near  the  equator. 

Tbe  Snow-line. — According  to  Meyen's  views,  the  snow-line,  beffinning 
at  the  polar  zone,  rises  between  1900  and  2000  feet  above  the  level  of  the 
sea,  and  in  the  equatorial  zone  to  15,500  or  16,600  feet ;  and  he  divides 
the  regions  of  altitude  in  accordance  with  this,  raisins  each  region  between 
1000  and  2000  feet  in  each  zone,  as  he  approaches  tne  equator.  Now  at 
North  Cape,  which  lies  near  the  polar  limit  of  our  subarctic  zone,  and  in 
Iceland,  which  is  crossed  by  the  same  Umit,  the  line  of  perpetual  snow  is 
at  about  2000  feet ;  we  may  therefore  take  this  as  the  snow-line  of  the 
arctic  zone.  The  equatorial  limit  of  the  subarctic  zone  falls  in  Southern 
Norway,  where  the  snow-line  is  at  about  4000  feet ;  while  the  equatorial 
limit  of  our  cold  temperate  zone  is  not  far  removed  from  the  Alps  and 
Pyrenees,  where  the  snow-line  rises  to  8000  feet  and  more.  In  the  south 
of  Spain,  lying  within  the  warm  temperate  region,  snow  lies  in  isolated 
patches  below  11,000  feet.  In  the  district  of  Sierra  Nevada,  which  is  one 
of  the  best-known  of  the  mountains  of  this  zone,  as  regards  vegetation, 
there  is  a  subtropical  region  up  to  600  feet,  the  true  warm  temperate 
vegetation  extends  up  to  about  4000  feet,  a  cold  temperate  vegetation 
from  about  4000  to  6500 ;  the  vegetation  then  passes  into  a  condition 
allied  to  the  subarctic,  but  without  trees,  and  characterized  by  shrubs  of 
a  siinilar  nature  to  those  of  the  arctic  zone.  This  region  extends  to  8000 
feet ;  and  thence  to  the  summits  of  11,000  feet  there  is  an  alpine  siunmer 
ve^tation  (snow  lying  for  eight  months  out  of  the  twelve),  which,  again^ 
is  mtermediate  in  character  between  those  of  the  arctic  and  polar,  con- 
fisting  chiefly  of  perennial  herbs  like  the  latter,  but  presenting  a  formation 
of  turfy  pasture  to  some  extent  in  the  warm  season.  In  the  Caucasus 
the  snow-line  is  much  higher. 

In  the  subtropical  zone,  on  the  Peak  of  Teneriffe,  we  find  the  vegeta- 
tion of  the  warm  temperate  zone  from  about  2000  to  4000  feet,  a  repre- 
sentation of  the  cold  temperature  from  8000  to  over  6000  feet ;  at  about 
dOOO  feet  the  climate  is  subarctic.  This  mountain  does  not  reach  the 
anow-line. 

In  Mexico,  lying  in  our  tropical  zone,  the  lines  are  respectively  shifted 
up  in  about  the  same  ratio.  We  see  throughout,  then,  a  deviation  from 
Meyen's  ratio,  in  the  tendency  of  the  colder  zones  to  widen  out  on  the 
mountains  of  warmer  zones;  but  this  is  partly  owing  to  our  dividing  the 
zones  according  to  temperature,  and  not  accordinfi^  to  latitude. 

If  we  attempt  to  lay  down  the  conditions  oi  the  mountains  of  Asia 
mider  a  similar  point  oi  view^  we  find  greater  deviations.  The  mass  of 
elevated  land  in  Central  Asia  modifies  all  the  climatal  conditions  veiy 
much*    The  snow-lines  of  the  mountains  of  the  cold-temperate  and  warm- 
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temperate  zones  rise  to  14,000  feet ;  that  of  the  HimalavaA  to  18,000  feet 
in  the  northern  parts.  Our  data  ecaicelj  suffice  for  the  illustiation  of 
these  modified  conditions,  and  therefore  we  have  confined  ourselyes  to  a 
limited  number  of  the  best-explored  moimtain-regions  of  the  Old  and  New 
Worlds. 

We  now  ^ve  a  brief  sketch  of  the  characteristics  of  the  different 
regions  of  altitude,  as  classified  by  Meyen. 

1.  Region  of  Pahns  and  Bananas, — Corresponding  to  the  equatoiial 
zone,  and  already  characterized  under  that  head,  p.  660. 

2.  Region  of  Tree^Fems  and  Figs. — Correspondm^  to  the  tropical  zcnf, 
p.  670.  The  genus  Ficus  is  most  prevalent  in  the  eleTated  forests  of  the 
eauatorial  zone  of  the  East  Indies,  giving  them  a  remarkable  chancter 
01  gloomy  grandeur  and  impervious  density. 

3.  Region  of  Laurels  and  MyrUes, — Corresponding  to  the  subtropical 
«one,  p.  670. 

4.  Region  of  Evergreen  Trees, — Corresponding  to  the  warm-temperate 
zone,  p.  670. 

5.  Region  of  Deciduotis  Ti^ees, — Corresponding  to  the  cold  temperate 
zone,  p.  671 ;  out  this  region  seems  to  be  absent  from  the  mountains  in 
many  parts  of  the  tropical  and  equatorial  zones,  since  the  tree-limit  is 
earned  down  by  peculiarities  of  climate,  which,  on  the  other  hand,  faroor 
the  advance  of  more  southern  forms  into  the  upper  regions.  In  Javaasd 
Sumatra,  stunted  trees  of  the  class  belonging  here  replace  the  dwarf 
Conifers  of  European  mountains,  and  foim  the  tree-limit  far  below  the 
altitude  at  which  forests  of  tall  Conifers  occur  in  the  more  northern 
Himalayas, — a  condition  explained  in  some  degree  by  the  local  circum- 
stances of  the  equatorial  moimtains,  which  are  deficient  in  the  supplied  uf 
moisture  fui*nished  by  the  vast  masses  of  snow  resting  perpetually  upon 
the  Himalayas. 

6.  Region  of  Conifers, — Corresponding  to  the  subarctic  zone,  p.  671. 
This  zone,  characterized  by  the  growth  oi  Pines  and  Firs,  is  well  repre- 
sented on  most  mountains,  with  the  exception  of  the  Peru\nan  Cordilleras, 
where  the  Escallonieee  are  said  to  be  substituted  for  them .  But  the  Conifers 
do  not  always  form  the  uppermost  belt  of  trees,  even  when  they  flourish  in 
a  well-defined  recrion.  Thus  the  region  of  the  Conifers,  in  a  general 
sense,  which  reacnes  to  the  tree-limit  with  Pines  in  the  Alps,  Pyrenees, 
and  the  Andes  of  Mexico,  includes,  in  the  Scandinavian  mountains,  in  the 
Himalayas,  and  the  Caucasus,  a  region  of  Birches,  which  rise  out  of  it  to 
form  the  last  representatives  of  arboreal  vesretation. 

7.  Region  of  Alpine  Shrubs  or  of  Rhododendra, — This  region  corre- 
sponds to  the  Arctic  zone,  p.  672.  In  the  Himalayas,  dwarf  Willows,  Juni- 
pers, and  species  of  Ribes  or  Current  seem  to  repivsent  the  vegetation  of  this 
region ;  wnile  on  the  Andes  of  Quito  the  genus  Befaria  appears  to  cor- 
respond in  its  geographical  development  to  the  Rhododendra  of  the  north. 

8.  Region  of  Alpine  Herbs, — (Corresponding  to  the  polar  zone,  p.  672, 
usually  presenting  only  patches  of  vegetation  scattered  over  a  broken  surface 
of  ground,  covered  during  the  greater  part  of  the  year  with  snow,  and  ex- 
hibiting accumulations  in  all  seasons  in  sheltered  spots.  Lichens  abound 
here ',  Lecidea  geographiea  has  been  found  in  most  diverse  localities  where 
bare  rock  rises  above  the  ^ound,  forming  generally  the  last  trace  of  vege- 
tation.   The  plants  of  this  region  are  remarkable  in  many  respects,  in 
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none  more  than  the  beauty  and  comparatively  large  size  that  usually  cha- 
racterize their  flowers.  They  are  mostly  of  perennial  growth,  sinoe, 
although  the  severe  cold  prevailing  throughout  the  greater  part  of  the 
year  is  unfavourable  to  the  maturation  and  preservation  of  seeds,  the 
thick  covering  of  snow  protects  established  plants  from  the  severe  frost ; 
and  it  is  known  that  they  are  arrested  in  warmer  regions  where  winter 
frodts  prevail  without  great  accumulations  of  snow,  precisely  because 
they  are  then  incapable  of  bearing  the  cold,  to  which  they  are  directly 
exposed. 

The  great  discrepancies  existing  between  mountains  occurring  in  the 
same  zone  indicate  that  local  circumstances  must  have  most  powerful  in- 
fluence in  determining  the  altitudes  attained  by  the  various  classes  of 
vegetation.  We  are  not  in  a  position  to  g^ve  tne  real  temperatures  of 
rc^ons  of  altitude  with  any  accuracy  in  most  cases,  or  these  would  pro- 
bably greatly  assist  in  ascertaining  the  direct  causes  of  aberration ;  for 
dilferences  of  temperature  certainly  accompany  the  difference  of  elevation 
attained  by  particular  forms  of  plants.  Good  examples  of  the  influence 
of  the  form  and  local  conditions  oi  mountains  are  furnished  bv  Teneri^, 
Ararat,  the  Himalayas,  and  the  Rocky  Mountains  of  Nortn  America. 
The  first  is  an  isolated  mountain,  exposed  to  the  equalizing  influence  of 
the  ocean ;  the  second  an  isolated  mountain  situated  in  the  interior  of  a 
continent;  the  two  chains  are  portions  of  enormous  systems  of  mountains 
extending  over  large  regions  in  the  interior  of  continents.  To  work  out 
this  subject  thoroughly,  however,  it  is  necessary  to  observe  not  only  the 
conditions  of  different  moimtains,  but  those  of  the  different  declivities  of 
the  same  mountain ;  since,  when  great  elevations  are  attained,  chains  of 
mountains  form  the  boundaries  of  local  climates,  and  present  diflerent 
conditions  on  the  two  faces. 


Sect.  3.  Division  of  the  Globe  into  Regions  havino 

GHAJaACTEEISTIC  VEGETATION. 

The  character  of  the  vegetation  of  different  regions  is  influenced 
not  merely  by  climate,  but  by  the  more  remote  causes  referred  to 
in  tbe  last  Chapter,  which  have  led  to  the  distribution  of  plants 
over  more  or  less  extensive  areas,  and  their  restriction  within 
narrow  limits  in  other  cases ;  further,  by  the  habit  of  plants,  as 
by  a  social  mode  of  growth,  by  size,  &c. 

Many  attempts  have  been  made  to  divide  the  earth's  surface 
into  Botanical  Regions,  according  to  their  characteristic  vegetation. 
None  of  these  can  be  regarded  as  satisfactory ;  but  perhaps  the 
generalizations  of  Schouw  and  Grisebach  are,  on  tbe  whole,  those 
which  suggest  most  to  the  student.  We  therefore  introduce  here 
a  brief  account  of  the  regions  into  which  those  authors  divide  the 
globe. 

Phyto^eographic  Regions, — The  regions  established  by  Schouw 
are  founded  on  the  following  principles : — 
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1.  At  least  one  half  of  the  known  species  of  plants  of  the  tract 
constituting  a  botanical  region  are  peculiar  to  it.  * 

2.  A  fourth  part  of  the  genera  ol  the  region  are  either  peculiar 
to  it,  or  have  so  decided  a  maximuTn  that  thej  are  comparatively 
raie  in  other  regions. 

8.  The  individual  Orders  of  plants  are  either  peculiar  to  tiie 
region  or  have  a  decided  maximum  there. 

Grisebach's  regions  in  many  respects  correspond  with  those  of 
Schouw ;  each  of  them  is  further  divided  into  zones  according  to 
altitude  above  the  sea-level  up  to  the  line  of  perpetual  snow.  The 
limits  of  each  region  are  fixed  by  mountain  barriers,  the  preseDoe  of 
seas,  and  other  impediments  physical  and  climatic,  and  therefore 
varying  in  particular  instances. 


1.  Eegion  of  Mosses  and  Saxifrages  {ArctiO'A^pmSy  or 

Wahlenber^s  Region), 

Mean  temperature.— VoIm  regions,  2^-41°  Fahr.  (-17°  to  -6*»  C). 
Mountains  in  the  south,  21°-n37°  Fahr.  (-6°  C.  to  -8°  C). 

This  corresponds  to  Qrisehach's  Arctic  region,  and  includes  those 
regions  which  lie  beyond  the  limits  of  forest  vegetation.  The  period  of 
vegetation  only  l»t8  a  few  weeka 

Character, — Characteristic  and  predominant  genera — Ranunculus,  Ara- 
bia, Draba,  Arenaria,  Dryas,  Fotentilla,  Saxifiaga,  BhododendioD,  AxaJea, 
Gentiana,  Fedicularis,  Saliz,  Musci,  Ldchenes.  Of  the  polar  countiies 
especially — Coptis,  Eutrema,  Farrya,  Diapensia,  Andromeda,  Ledum.  Of 
the  mountain  regions — Cherleria,  Campanula,  Fhyteuma,  Frimula,  Aretia, 
Soldanella.  Dwarf  perennial  herbs  with  comparatiYely  large  flowers  of 
bright  colours.    Annuals  and  trees  absent. 

Predominant  shrubs  and  half-^rubs  of  the  polar  countries,  — Betula  nans, 
SaHz  herbacea  and  other  species,  Rubus  Chameemorus,  Empetrum  nigrum, 
Andromeda  hvpnoides,  A.  tetragons,  Arbutus  alpina,  A.  Uva  uisi,  Aialea 
procumbens,  Rhododendron  lapponicum,  Menziesia  caerulea. 

I^dominant  shrubs  and  half'shrubsof  the  numntams. — Junipems  hxds, 
Alnus  viridis,  Sails  reticulata,  S.  herbacea,  Rhododendron  femigiDeum, 
R.  hirsutum,  R.  caucasicum,  Vaccinium  Myrtillus,  V.  uliginosum,  Aialea 
procumbens,  Arbutus  ^pina,  A.  Uva  ursi,  Empetrum  nigrum. 

Plants  which  approach  very  closely  to  the  snotp-line, — ^lianunculus  gls- 
cialis,  Sazifra^  oppositifolia,  Silene  acaulis ;  in  the  polar  countries  espe- 
dallv,  Agrostis  aigida,  Ranunculus  hyperboreus,  it.  nivalis,  Saxifra^ 
rivularis,  S.  cemua,  S.  nivalis,  Fapaver  nudicaule,  Draba  alpina,  Lychuu 
apMBtala,  Diapensia  lapponica.  In  the  mountain-regions,  Saxifiaga  mas- 
coides,  S.  bryoides,  Cnerleria  sedoides,  Aretia  helvetica,  A.  alpina,  DraU 
nivalis,  Fetrocallis  pyrenaica^  Arabia  bellidifolia,  M^osotis  nana,  Gentiauft 
nivalis,  Achillea  nana,  Linana  alpina.    No  cultivation  in  this  refiion. 

The  flora,  as  a  whole,  as  tabulated  by  Hooker,  is  decidedly  ScanoinaTian. 
Some  of  its  members  are  universally  diffused  throughout  the  globe,  even 
in  the  tropics  (on  mountains) }  hence  the  Scandinavian  flora  is  considered 
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to  be  the  oldest  existing  flora.  The  most  northern  position  in  which 
flowering  plants  have  jet  been  found  is  in  Smith's  Sound,  in  lat.  82^  N., 
"where  Ur.  Bessels  found  Draba  alpma,  Cerastium  alpmumf  Tttruraeum 
dem  leomUy  and  Poajkxuosa,  (The  principal  authority  on  the  subject  of 
the  Arctic  Flora  in  its  geognqphical  aspect  is  Hooker,  whose  p^P^r  ^  On 
the  Distribution  of  Arctic  Plants  *'  is  included  in  the  Linnesan  Transao- 
tionsy  YoL  zziii.) 

%  Region  of  UfnbeUifer€B  {North-European  and  North^AgioHe,  or 

Linnatu^s  Begion). 

Mean  temperature j  2SP-46P  Fahr.  (-  2»  to  -8°  C). 

This  corresponds  to  Ghnsebach's  EuropflBo-Sibeiian  Forest  region,  and 
is  characterized  by  uniform  temperature  and  absence  of  a  dry  season. 
The  Atlantic  coast  is  milder  than  the  inland  continental  regions.  Grise- 
bach  establishes  7  zones  of  altitude : — 1.  The  zone  of  the  Sweet  Chestnut, 
Castanea  vesca ;  2.  The  zone  of  Pinus  pkea  (Germany) ;  3.  The  zone  of 
the  Turkey  Oak,  Quercus  Cerris  (Hungary) ;  4.  The  central  Russian 
forest  zone  (Oaks) ;  5.  The  northern  zone  of  Conifers  (Larches,  Pines, 
Firs,  with  Birch) ;  6.  The  zone  of  Quercm  mongoUoa ;  and  7.  The  zone 
of  Betula  Srmanni, 

General  Character. — ^Umbelliferse,  CruciferflB,  Conifer»,  AmentacesB, 
Graminaoeffi,  Carices,  Fungi,  Cichoraces,  Cynarese ;  in  Asia,  more  par- 
ticularly, saline  plants  (such  as  Salsola  and  Salicomia)  and  AstragaleeQ. 
Luxuriant  pastures  ^  forest  trees  with  deciduous  leaves ;  a  few  Heaths. 

Ptedomiuant  trees  and  shrubs, — Pinus  sylvestris,  P.  cembra,  P.  sibirica, 
Abies  excelsa,  A.  pectinata,  Larix  europsea,  Juniperus  communis,  Betula 
alba,  Alnus  glutinosa,  A.  incana,  Fagus  sylvatica,  Quercus  peduncnlata, 
Q.  seesiliilora,  CarpinusBetulus,  Castanea  vesca,  Salices,  Populus  tremula, 
Corylus  Avellana,  Ulmus  campestrb,  Calluna  vulgaris.  Prunus  spinosa, 
Pyrus  Aucuparia,  Acer  Pseudo-platanus,  A  platanoides,  A.  campestre, 
TUia  platyphylla,  T.  microphylla. 

Cultivated  ^/on^.— Cereals :  Rve,  Barley,  Oats,  Wheat,  Spelt,  Maize, 
Millet  (Panicum  miliaceum) ,  Bucicwheat,  Potato.  Barley  extends  furthest 
to  the  north,  followed  southward  by  Hye,  Oats,  and  Wheat. 

Fruits. — ^Apple,  Pear,  Quince,  Cherries,  Plums,  Apricot,  Peach,  Mul- 
benr,  Walnut,  Grape,  Currant,  Gooseberry,  Strawberry,  Melons. 

Esculent  vegetables. — Cabbage,  Rape,  Turnip,  Radish,  Mustard,  Peas, 
Beans,  LentiU,  Spinach,  Beet,  Cucumber,  Gourd,  Carrot. 

Fodder  plantSy  ^c— -Clovers,  Vetches,  Lucerne,  Rye-grass;  Hops, 
Flax,  Hemp,  Tobacco.  (The  publications  of  Ledebour,  Kegel,  and  nume- 
rous other  Russian  botanists  snould  be  consulted  as  to  this  region.) 


2a.  The  Steppe  Region. 

This  region,  as  laid  down  by  Gbisebach,  extends  from  the  Black  Sea 
to  the  frontiers  of  China,  and  from  Southern  Siberia  to  the  Himalayas, 
thus  including  almost  the  whole  of  Central  Asia.  The  climatal  conditions 
are  a  severe  winter,  a  short  spring,  a  burning  summer  succeeded  by  winter. 
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The  plants,  then,  native  to  it  nmst  be  capable  of  growing  in  the  short 
spring  and,  while  at  rest,  be  able  to  endure  nrolongeddrouj^htand  intense 
extremes  of  temperature.  Bulbous  plants,  plants  with  stifi'sniny  branches 
and  small  foliage,  or  plants  densely  cov^ed  with  hairs,  abound.  Salt 
plains  are  abundant  yielding  a  peculiar  vegetation,  including  many  Che- 
nopods,  such  as  the  Saxal  Anabasis  ammodendron,  (Humboldt's  *  Ase 
Centrale '  should  be  consulted  on  this  region.) 

8.  Eegion  of  the  Labiata  and  CaryophyUett  (Medkemmeanj  or 

De  CandoUe^s  Region). 

Mean  temperature,  65°-73<>  Fahr.  (18°-23°  C). 

This,  the  Mediterranean  region  of  Grisebach,  is  characterized  clima- 
tically by  very  hot  dry  summers  and  mild  winters.  Plants  grow  in  epiisf  , 
rest  in  the  hot  diy  season,  and  grow  again  in  autumn.  Schouw  includes 
the  Atlantic  islands  in  this  botanical  region. 

Character. — Labiates,  Carvophyllese,  BoraginesB,  CistinesB,  liliaces; 
the  Orders  cited  in  the  prcceoing  region,  but  mostly  less  prevalent,  espe- 
cially the  Carices.  Representatives  of  tropical  Orders — ^Palmse,  Tere- 
binthaoesB,  Lauracesd, — Orders  which  increase  towards  the  equator  be- 
coming more  numerous:  Leguminosas,  MalvacesB,  Solanaoe«,  Euphor- 
biacesB,  Urticacess. 

Genera, — Adonis,  Trigonella,  Trifolium ,  Medicago,  Genista,  Cytisos,  Sca- 
biosa,  Anthemis,  Achillea,  Verbascum,  Narcissus ;  many  evergreen  trees 
and  shrubs ;  a  greater  number  of  woody  plants  thaji  in  the  second  region; 
pasture  less  luxuriant ;  a  winter  flora  existing. 

PredominmU  trees  and  shrubs, — ^Evergreen  trees  and  shrubs  form  a 
feature  of  the  flora.  Pinus  Pinea,  P.  Pinaster,  P.  halepensis,  P.  Laricio, 
Cupressus  sempervirens,  Juniperus  phcenicea,  J.  macrocai^,  Quercus 
Cerris,  Q.  pedunculata,  Q.  sessiliflora,  Q.  Ilex,  Q.  Suber,  Q.  ^gilop$f 
Q.  coccifera,  Q.  infectoria,  Castanea  vesca,  Platanus  orientalis,  Alnod 
cordifolia,  Corylus  Columa,  Ostrya  vulgaris,  Acer  monspessulanum,  A 
neapolitanum,  Pistacia  Lentiflcus,  P.  Terebinthus,  Ceratonia  sihqns, 
Cercis  siliquastrum.  Genista  scoparia,  Mespilus  pyracantha,  Prunus  lauro- 
cerasus,  Tamaiix  ^dlica,  T.  afhcana,  Myrtus  communis,  Punica  Grana- 
tum,  Opuntia  vulgaris,  Viburnum  Tinus,  Arbutus  Unedo,  Erica  arborea, 
E.  scoparia,  Rhododendron  pouticum,  R.  maximum,  Cisti,  Phyllvrea  lati- 
folia,  P.  angustifolia,  Ornus  europsBa,  0.  rotundifolia,  Nerium  Oleander, 
Rosmarinus  oflicinalis.  Ephedra  distachya,  Chamasrops  humilis,  Ruscus 
aculeatus,  Smilax  aspera,  Tamus  conununis.  (The  highest  parts  of  the 
mountains  here  belong  to  the  first  region,  the  middle  elevations  to  tbe 
second  region.)  Many  plants  have  been  introduced  and  become  quasi 
naturalized;  such  as  the  Date-Palm,  Agave  americanaf  OpwUioy  Evea- 
lyptus  globtdtiSj  &c 

Cultivated  plants, — ^The  same  as  in  the  preceding  region ;  but  the  follow- 
ing are  more  rare,  or  only  seen  on  the  mountains — Kye,  Currants,  Goose- 
berry, Buckwheat,  and  Hop ;  while  the  following  are  added : — 

Cereals, — Rice,  Millets  (^oi-ghum  vulgare,  Panicum  italicum). 

Ihdts. — Pigs,  Almond,  Pistachia-nut,  Lemon,  Citron,  Sweet  and  Seville 
Oranges,  Prickly  Fig  (Opuntia),  Water-Melon,  Olive,  the  latter  being 
characteristic. 
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Esculents  ^c. — ^Melongena,  Tomato,  Anise,  Coriander,  Cotton,  White 
Mulberry,  Safiron,  Sumach,  Lupins,  Sainfoin. 

Characteristic  farms. — Sempervivum  arboreum,  S.  canariense,  S.  tor<- 
tuodum,  &c.,  Hex  Perado,  Cacalia,  Kleinia,  Sonchus  fruticosus,  Arbutus 
callicarpa,  Ardisia  ezcelsa,  Oeropegia  aphylla,  Echium  giganteum,  &c., 
Lduirufl  foetens,  Euphorbia  balsamifera,  £.  canaiiensis,  Mjrica  Faya, 
Pinus  canarienais. 


4.  Region  of  Asteres  and  Solidagines  {Northern  Korth-American,  or 

Michaux's  Beyion), 

Mean  temperature^  0o-59°  Fahr.  (12°-16<»  C). 

The  northern  part  of  this  region  corresponds  to  the  Europteo-Siberian 
region  of  Grisebach  (p.  077),  the  Californian  coast  represents  the  Medi- 
terranean region,  while  the  central  prairies  are  the  analogues  of  the  Asiatic 
steppee.  The  American  forest  region  has  a  lower  temperature  than  that 
of  Europe.  New  York  has  about  the  summer  temperature  of  Rome  and 
the  winter  temperature  of  Copenhagen.  The  United  States  Flora,  accord- 
ing to  Qray  and  Hooker,  consists  of  three  main  elements,  an  endemic 
American,  a  European,  and  an  Asiatic ;  while  that  of  the  temperate  Old 
AVorld  is,  in  a  continental  point  of  view,  binary — Europe  and  Asia  having 
many  types  in  common,  but  very  few  representatives  of  the  strictly  Ame- 
rican flora.  The  distribution  oi  North- American  plants,  unlike  the  Euro- 
pean, is  mainly  in  a  meridional  direction,  the  ditference  of  the  floras  of  the 
Eastern,  Central,  and  Western  States  being  wonderfully  great  The 
European  components  extend  over  the  whole  breadth  of  the  continent, 
diminiahing,  however,  to  the  westward.  The  American  components  pre 
Sent  many  localized  genera,  inhabiting  the  Eastern,  Central,  and  Western 
States  respectively ;  they  increase  in  numbers  and  peculiarity,  as  also  in 
restriction  of  range,  towards  the  west.  The  Asiatic  components  are 
found  both  in  the  Eastern  and  Western  States,  but  hardly  at  all  in  the 
Central ;  and  some  of  them  are  common  to  both  the  east  and  west,  while 
others  are  peculiar  to  each.  But  whereas  the  European  components 
prevail  on  the  side  towfurds  Europe,  the  maximum  of  Asiatic  represen- 
tation is  on  that  remote  from  Asia.  This  has  been  conspicuously  shown 
by  Qray's  discovery,  in  the  Eastern  States,  of  single  representatives  of 
Japanese  genera  previously  supposed  to  be  monotypic ;  and  what  is  most 
noteworthy  is,  that  such  representatives  are  in  some  cases  extremely  rare 
local  plants,  found  in  single  and  very  restricted  areas,  indicating  a  dying- 
out  01  the  Asiatic  representation  in  America. 

Character, — More  species  of  Coniferss  and  Amentaceae  than  in  the  second 
region,  but  fewer  UmbellifercB,  Cruciferae,  Cichoracese,  and  Cynareas. 

Genera, — Hydrastis,  Sanguinaria,  Hudsonia,  Ptelea,  Robinia,  Gymno- 
dadus,  Purshia,  Gillenia,  Decodon,  CEnothera,  Clarkia,  Ludwigia,  Bar- 
tonia,  Claytonia,  Heuchera,  Itea,  Hamamelis,  Mitchella^  Aster,  Soli  dago, 
Liatris,  Rudbeckia,  Gaillardia,  Vaccinium,  Andromeda,  Kalmia,  Sabbatia, 
Houstonia,  Hydrophyllum.  Phlox,  Monarda,  Dodecatheon,  Dirca,  Hamil- 
tonia,  Lewisia,  Trillium,  Medeola. 

Predominant  trees  and  shrubs, — ^Pinus  Strobus,  P.  inops,  P.  resinosa,  P. 
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Bonksiana,  F.  variabilis,  P.  rigida,  P.  serotina,  P.  pusgens,  Abies  bal- 
samea^  A.  taxifolia,  A.  canadensis,  A.  nigra,  A.  rubra,  A.  alba,  Larix  pen- 
dula,  L.  macrocama,  Thuja  occidentalis,  T.  sphseroidea,  Juniperus  vugi- 
niana,  J.  Sabina,  Taxus  canadensis,  Quercus,  25  sp.,  Fagus  sylvatici^  F. 
fairu^ea,  Castanea  ameri6ana,  C.  pumila,  Ostrya  viiginica,  Oarpinua 
amencana,  Oorylus  americana,  C.  rostrata,  Alnus  glutinoea,  A.  crispft, 
A.  serratula,  Betula  nigra,  B.  pap^rracea,  &c.,  Salix,  27  sp.^  Populus  od- 
samift3ra,  P.  monilifera,  &c.,  Mynca  cerifera,  &c.,  Platanus  ocddentalis, 
Liquidambar  styraciflua,  Juglans  nigral  J.  cinerea,  &c.,  Ulmus  americana, 
&C.J  Nyssa  aquatica,  Fraxinus  alba,  F.  nigra,  &c.,  Omus  americana^^Bibes 
fioridum,  R.  aureum,  &c.,  Vaccinium,  20  sp.,  Andromeda,  10  ep.,  Kalmia 
latifolia,  K.  angustifolia,  K.  glauca.  Azalea  viscosa,  A.  nitida,  A.  glaaca, 
A.  nudiflora,  &c.,  Rhododendron  maximum^  Comus  florida^  C.  alba,  G.  ca- 
nadensis, &c.,  Hamamelis  yirginiensis,  Spiraea  salicifolia,  S.  chamedri- 
folia,  8.  opulifolia,  S.  hypericifolia,  &c.,  GiUenia  triJbliata,  Cratsogus,  sp., 
Cerasus  pumila,  C.  nigra^  &c.,  Purshia  tridentata,  Rubus,  20  sp.,  Ftiiis 
sp.,  Robinia  Pseud-acacia,  R.  hispida,  Gymnocladus  canadensis,  Khos 
typhina,  R.  glabra,  R.  venenata,  R.  toxicodendron,  Sec,  Ptelea  trifoliata, 
Ceanothus  americanus,  &c.,  Rhamnus  alnifolius.  &c.,  Ilex  opaca,  &c., 
Euonymus  americanus,  E.  atropurpureus,  Staphylea  trifolia,  ^npelopids 
hederacea,  Acer  rubrum,  A.  dasycarpum,  A.  saccharinum,  A.  striatam, 
Negundo  fraxinifolium,  Xanthoxylum  fraxineum,  X.  tricarpum,  Tilia  gla- 
bra, T.  pubescens,  Liriodendron  tulipifera. 

In  the  northern  parts  (to  60°-55°  N.  L.)  no  cultivation.  South  of  this 
the  same  plants  as  those  cultivated  in  the  second  region,  but  Maiie  m<aQ 
extensively.  The  Califomian  climate  is  verv  uniform,  the  resting  period 
of  vegetation  occurring  in  the  dry  summer.  Vines,  Olives,  Maixe,  Oranges, 
and  truit-trees  of  all  lands  flourish  here  as  well  as  Wheat,  whilst  the 
loftiest  forest  trees,  the  Sequoias,  grow  here  as  once  they  did  in  Britain. 

The  Prairie  Region  corresponds  to  the  Steppe  Region  of  Central  Aaa. 
Extremes  of  temperature  and  great  drought  are  the  characteristics  of  thiji 
refi^on;  salt  plains  exercise  a  marked  influence  on  the  vesetation,  but 
where  irrigation  is  practicable  the  country  becomes  very  fertile. 

The  evidences  of  climatic  changes  in  past  eras  of  the  existing  flora  of 
the  continent^  says  Hooker,  are  seen  in  the  prevalence  of  arctic  and 
northern  species  of  plants  in  the  alpine  zones  of  the  meridional  mountain- 
chains,  the  Appalachian,  Rockv  Mountains,  and  Sierra  Nevada,  even  as 
far  south  as  tne  3drd  parallel.  These  plants  had  spread  soudiwards 
during  a  period  of  cold,  and  on  its  subsequent  mitigation  had  retired  to 
the  lofty  situations  they  now  inhabit  To  the  former  existence  of  a 
warmer  climate  we  may  partly  look  for  the  extension  of  Mexican  types 
to  the  dry  regions  west  oi  the  Rocky  Mountains  up  to  the  4l6t  parallel : 
and  to  it  may  be  attributed  the  remarkable  northward  extension  dT  the 
Cacti  in  a  very  narrow  meridional  belt,  scarcely  100  miles  broad,  along 
the  eastern  flanks  of  the  same  mountains,  from  Uieir  headquarters  in  New 
Mexico,  in  the  d8rd,  almost  to  the  60th  parallel 

(See  Gray's  *  Botany  of  the  Northern  United  States,'  and  numerotts 

Sublications  of  the  American  botanists  on  the  Flora  of  their  continent, 
ir  W.  Hooker's  <  Flora  Boreali- Americana '  should  also  be  consulted.) 
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6.  Region  ofMagnoUa  (Southern  North-Amerieanf  or  PwsKs  Begum). 

Mean  Umperaturey  59°-73°  Fahr.  (16°-23''  0.). 

This  region  is  included  with  the  preceding  in  GrisehacVs  North-Ame- 
rican Forest  zone,  but  the  vegetation  is  of  a  more  tropical  type,  and  ever- 
gieen  exogenous  trees  are  more  abundant. 

Character, — A  certain  approximation  to  the  tropical  vegetation ;  Can- 
nesB  (Ganna,  Thalia),  Palmse  (Chamaarops),  Yucca,  Cy(»de89  (Zamia), 
liaurus,  Ipomsea,  Bignonia,  Asclepias,  Cacteas  (Mammillaria,  Opuntia), 
Hhexia,  Fassiflora,  Cassia,  Sapindus. 

Few  Labiatffi,  CaryophjUeae,  UmbelliferaB,  CichoracesQ,  GeranieaB  \  few 
species  of  Aster  or  Holidago. 

Trees  with  broad  shining  leaves  and  lar^  flowers. 

Genera, — Magnolia,  Linodendron,  Illicium,  Asimina,  DionsBa,  Pavia, 
Amorpha,  Gleditschia,  Baplisia,  Petalostemon,  Calycanthus,  CEnothera, 
Claytonia,  Rudbeclda,  Liatiis,  Silphium,  Kalmia,  Houstonia,  Frasera, 
Halesia,  Dodecatheon. 

Predominant  trees  and  shrubs. — Magnolia  grandiflora,  M.  glauca,  &c., 
Illicium  floridanum,  I.  parviflorum,  Liriodendron  Tulipifera,  Asimina,  s^., 
Pavia  flava,  P.  macrostachja,  &c^  Amorpha  fruticosa,  &c.,  Gleditschia 
triacanthoe,  &c.,  Robinia  viscosa.  Cassia  Tora,  C.  marilandica,  &c..  Acacia 
glandulosa,  Calycanthus  floridus,  &c.,  Kalmia  hirsuta,  K.  cuneata^  Opuntia 
vulgaris,  O.  fragilis,  O.  missouriensis,  Halesia  tetraptera,  H.  diptera,  Lau- 
ms  CatesbyanuSy  L.  caroliniensis,  L.  Benzoin,  L.  Sassafras,  &c.,  Julians 
fraxinifolia,  Carya  aquatica,  C.  myristiciformis,  Liquidambar  styraciflua, 
Carpinus  americanus,  Castanea  americana,  C.  pumila,  Platanus  occiden- 
talis,  Quercus,  25  sp.,  Taxodium  distichum,  l^us  Tseda,  P.  palustris, 
in  the  south  Pinus  australis  covers  large  districts  of  sandy  waste,  Zamia 
integrifolia,  Yucca  gloriosa,  Y.  aloifolia,  &c.,  Chamaerops  Hystrix,  C. 
Palmetto,  C.  serrulata. 

Cultivaied plants. — ^About  the  same  as  in  the  third  region,  with  the  ex- 
ception of  the  Olive.  Cultivation  of  Rice  more  extensive.  In  the  southern 
parts  some  tropical  plants,  especially  Cotton  and  the  Sugar<»tne. 

6.  Begion  of  CdmeUiea  and  Cdastrinea  (Chinese,  Japanese,  or 

Keempfer's  Region), 

Mean  temperature,  64°-68*»  Fahr.  (12^-20°  C). 

This  is  the  Chino-Japanese  region  of  Grisebach.  The  climate  is  mode- 
rate with  abundant,  equally  diffused  rainfall.  The  country  has  been  so 
long  under  cultivation,  the  forests  destroyed,  and  much  of  the  land  altered 
by  irrigation,  that  the  natural  characteristics  are  greatly  obliterated.    • 

Genera, — Magnolia,  Nandina,  Eurya,  Camellia,  Thea,  Celastrus,  Bex, 
Euonymus,  Bumalda,  Hovenia,  Kema,  Spiraea,  Gonocarpus,  Lagerstroe- 
mia,  Aucuba,  Bladhia,  Eleagnus,  Polygonum,  Pollia. 

Predominant  trees  and  shrubs, — Rhapis  flabelliformis,  Pinus  sinensis, 
&c.,  Cunuinghamia  lanceolata,  &c.,  Taxus  nucifera,  T.  verticillata,  Salis- 
buna  adianufoUa,  Cryptomeria  japonica,  Cupre&ius  pendula,  Juniperus 
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virginianay  Thuja  orientalis,  T.  dolabrata,  Quercus  glabra,  Q.  glauca,  Alnns 
japonica,  Juglans  nigra,  Broussonetia  papyrifera,  Daphne  odoia,  Laums 
fflauca,  L.  lucida,  L.  umbellata,  L.  pedunculata,  Olea  fragrans,  ]Jio6p}TOj 
Kaki,  Mespilus  japonica,  Sophora  laponica,  Acer  japonicum,  A.  septem- 
lobatum,  A.  pahnatum,  &c.,  Camel&a  japonica,  C.  oasanqua. 

Cultivated  plants, — Rice,  Wheat,  BarleT,  Oats,  Doiiia  (Sorghnm  tbI- 
gare),  Millet  (Eleusine  corocana),  Buckwheat,  Sago  (Cycas  reToluta), 
Taro  (Arum  or  Caladium  esculentum),  Batatas  or  Sweet  Potato ;  Tarious 
species  of  Pear,  Apple,  Crab,  &c.,  Quince,  Plum,  Apricot,  Peach,  Medl&r; 
many  species  of  Citrus  (Oi^anges,  Shaddocks,  &c.))  Melons. 

Tea,  Rape  (Brassica  sinensis),  Radish,  Cucumber,  Gourds,  Wat^r- 
Melon,  Anise,  Star-Anise,  Soja,  Nelumbium,  Trapa,  Scirpus  tube- 
Tosus,  Convolvulus  reptaiis.  Beans,  Peas,  Solanum  aethiopicum,  Se^^a- 
mum,  Hemp,  Paper  Mulberry,  Cotton,  Indigo,  Isatis  indigotica,  Urtica 
nivea.  (The  publications  of  Bunge,  Maximo wicz,  Bentham  (Ilong  Kong) , 
Siebold;  Miquel,  Gray,  Franchet,  and  Savatier  are  amongst  the  principal 
dealing  with  this  region.) 

7.  Region  of  the  SdtaminetB  {Indian^  or  BoxhurglCs  Hegum), 

Mean  temperature,  66^-83°  Fahr.  (19°-29°  C). 

This  corresponds  nearly  to  Grisebach*s  Indian  Monsoon  region,  and  is 
tropical  in  character,  varying  according  to  altitude  and  the  direction  of 
winds,  the  degree  of  moisture,  &c.  The  growing  period  for  plants  is  in 
the  rainy  season.  It  includes  the  Indo-Malayan  region  with  the  islands 
of  Java,  Borneo,  New  Guinea,  &c. 

Character, — ^The  tropical  Orders  make  their  appearance,  or  become  more 
abundant :  Palmacese,  Cycadaceie,  ScitaminesB,  Aroidese,  Artocarpaoe«, 
UrIicacesB,  Euphorbiacese,  Lauracese,  Convolvulace®,  Bignoniace«e,  Apo- 
cvnacesQ,  Rubiaceae,  Leguminosa?,  Terebinthace®,  Meliace®,  Guttifene, 
Sapindaceae,  Byttneriaceae,  Malvaceae. 

The  extrartropical  vanish,  or  only  present  themselves  sparingly :  Cari- 
ceaB,  Coniferae,  Amentaceae,  Labiatae,  Boraginea^,  Composite,  Ilosaoes, 
Caryophylleae,  Cistaceae,  Ci-uciferae,  Ranunculaceae. 

(renera, — Uvaria,  Grewia,  Eriolsena,  Garcinia,  Buchanania,  Crotalaria, 
Flemingia,  Butea,  Carpopogon,  Jambosa,  Gratiola,  Tectona,  Holmskiol- 
dia,  Ficus,  Phytocrene,  Calamus. 

The  trees  are  never  without  leaves.  The  number  of  arborescent  nlants 
is  greater  than  outside  the  tropics.  Large  and  splendid  flowers,  aidnj 
climbing,  parasitical,  and  epiphytic  nlants. 

Predominant  arborescent  plants. — Dilleniaomata,  D.  scabrella,  UvariB,^» 
Michelia  Champaca,  &c.,  Bombax  insignis,  &c.,  Sterculia,  sp.,  Astrap»a 
Wallichii,  ElaBOcarpus,  sp.,  Calophyllum,  sp,,  Garcinia,  sp.,  Sapindua,  sp., 
Swietenia  febrifuga,  Cissus,  sp.,  Aqiularia  malaccensis,  Semecarpus  Anncw^ 
dium,  Melanorrhoea  usitata,  Mimosa,  sp.,  Acacia,  sp.,  Amherstia  nobilis, 
Pterocarpus  santalinus,  Cassia  fistula,  Jambosa,  sp.,  Gardenia,  sp.,  Nsucfea, 
sp.,  Uncaria  Gambir,  IJiospyros  Ebenum,  &c.,  Cfrceola  elastica,  Bignonis, 
sp.,  Avicennia  tomentosa,  Tectona  grandi8,T.  Hamiltoniana,  Laurus  Cassia, 
L.  Cinnamomum,  L.  malabathrica,Tetranthera,  sp.,  Myristica,  sp.,HeniaD- 
dia  sonora,  Plcus  religiosa,  F.  indica  (the  Banyan),  F.  eUistica,  F.  lenja- 
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mioa,  and  nmny  others;  Cjcas  revoluta,  Borassus  fiabelHfoTmis,  Oocos 
nucifera,  Calamu8  Rotang,  C.  rudentum,  C.  Draco,  &c,  Areca  Catechu, 
Dracaena  Draco,  Pandanus  odoratisaimus,  Bambusa  arundinacea. 

CidtivaUd  plants, — Rice,  Miilets,  &c.  (Panicum  frumentaceum,  Eleudne 
coracana,  Sorghum,  sp.).  Sago  (Cjcas  circinalis),  Yams,  Qround-nut  (Ara- 
chis),  Cocoa-nut,  Tamarind,  Mango,  Mangosteen,  Bananas,  Plantain,  Rose- 
Apples  (Eugenia,  Jambosa),  Guava,  Oranges,  Shaddock,  Water-Melon, 


.Wijfhl, 

Miquel,^ccari,  and  others  on  the  botany  of  this  region  are  very  numerous. 
Hooker*8  '  flora  of  British  India '  will  be  the  most  complete  enumeration.) 


8.  Begicn  of  Jthododendron-trees  (Emodie,  or  WaUich^s  Begion), 

AUftude,  5000-12,000  feet.    Mean  temperature,  66^  Fahr.  (19°  C). 

Character, — ^Included  in  Ghrisebach^s  Indian  Monsoon  region,  of  which 
it  forms  a  marked  subdivision.  Tropical  forms  disappear  or  decrease : — 
PalmaceSB,  Cycadacese,  Sdtamineee,  Euphorbiacese,  ConvolvulaceiB,  Apo- 
cynacead,  Terebinthaceae,  Leguminosae,  Malvaceae,  Anonaceae. 

Extratropical,  especially  European,  forms  come  to  light,  or  become 
more  abundant  than  in  7,  such  as  Oariceae,  Amentaceae,  Coniferac,  Poly- 
ffoneae  (Rumex,  Pol3'gonum,  Rheum),  Primulaceas  (Primula,  Lysimachia), 
Labiatas,  Ericaceae  (Ilhododendron,  Andromeda),  Cichoraceae,  Umbelli- 
ferae,  Rosaceae  (Potentilla,  Rubus,  Rosa,  Pyrus,  Mespilus,  Prunus),  Ace- 
raceas,  Caryophyllaceae  (Stellaria,  Cerastium,  Arenaria),  Cruciferae, 
RanunculaceaB  (Aconitum,  Ranunculus,  Thalictrum).  The  Orchideas  and 
Fernii  are  very  numerous.     Other  characteristic  forms  are  the 

Crenera, — Allium,  Paris,  Plantago,  Veronica,  Rhinanthus,  Pedicularis, 
Didymocarpeae,  Gentiana,  Swertia,  Campanula,  Valeriana,  Galium,  Comus, 
Viburnum. 

Most  important  trees  and  shrubs. — Pinus  Pindrow,  P.  Webbiana,  P. 
excelsa,  P.  Khutrow,  P.  Gerardiana,  Abies  Smithiana,  A.  Browniana, 
Cedrus  Deodara,  Cujnressus  torulosa,  Podocarpus  latifolia,  Juniperus 
squamata,  J.  excelsa,  ^uercus  spicata  and  ten  other  sn.,  Cor^lus  ferox, 
Betula  utilis,  B.  nitida,  B.  alnoiaes,  Alnus  nepalensis,  SaJix  disperma,  S. 
cuspidata,  S.  japenica,  Daphne  cannabina,  D.  Gardneri,  D.  sericea, 
Elaeaffnus  arborea,  E.  conferta,  E.  umbellata,  Hippophae  salicifolia,  Fraxi- 
nus  noribunda,  Logustrum  nepalense,  L.  bracteolatum,  Xylosteum  ligus- 
trinum,  Canrifolium  japonicum,  C.  macranthum,  Cornus  oblonga,  C. 
canitata.  Viburnum  foetidum,  &c.,  Andromeda  formosa,  A.  ovalifolia,  &c., 
Rnododendron  arboreum,  R.  barbatimi,  R.  Falconeri,  and  many  other  sp. ; 
Hex  dipyrena,  I.  odorata,  &c.,  Ribes  Takare,  Rosa  microphylla,  &c., 
Rubus  rugosus,  R.  betulinus,  &c..  Spiraea canescens,  &c.,Neillia  thyr&iflora, 
M.  rubifiora,  Mespilus  affinis,  &c.,  Prunus  imdulata,  P.  cerasoides,  Rhus 
juglandifolium,  R.  fraxinifolimn,  &c.,  Rhamnus,  sp.,  Celastnis,  sp.,  Euony- 
mos,  sp.,  Acer  acimiinatum,  A.  oblongum,  Dobmaea  vulgaris,  Magnolia, 
sp.,  Berberis  asiatica,  B.  Wallichiana. 

Note.-^The  western  portion  of  the  Himalayas  differs  considerably  from 
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the  eastern  portion,  from  the  predominance  of  Dicotyledonous  forests  and 
a  damp  climate  in  the  f ormer,  with  a  variety  of  Conifers  until  the  limit  of 
Abies  sniithiana  (10,000  feet)  is  attained,  and  an  extension  of  the  tropical 
plants  to  a  greater  altitude ;  while  in  the  drier  eastern  portion  the  Coni- 
ters  are  diffused  throughout,  the  forests  less  considerable,  and  the  plants 
of  temperate  chmates  mfiused  lower  down. 

Odttvated  plants, — ^The  cereals  and  orchard  fruits  of  Europe,  monntain 
Rice,  and  a  tew  tropical  plants  in  the  lower  renons. 

(For  the  Indian  flora  consult  Roxburgh's  'Flora  Indica,'  Hooker  and 
Thomson's  *  Flora  Indica '  (a  most  valuable  introductory  treatise),  Hookefs 
*  Flora  of  British  India,'  and  numerous  mem<nr8  by  Wallich,  Wis^ht, 
Griffith,  and  many  other  botanists,  principally  British.  For  the  Silokira 
Himalayan  see  especially  Hooker's  publications.) 

9.  Bofynenan  (or  EemwardPs)  Region. 

Mean  temperature,  66°-84o  Fahr.  (19°-29'^  C).    AUUudey  0-5000  feet 

Character. — Resembling  that  of  the  Indian  region,  and  included  by 
Grisebach  in  his  Indian  Monsoon  region.  The  principal  distinction  oon- 
sists  in  the  greater  number  of  Orchidesa  (especially  parasitic  s^eciesp 
which  appear  here  in  many  peculiar  forms),  of  Ferns,  and  stpecies  of 
Ficus.  A  slight  approximation  to  the  Australian  forms:  Melaleuca, 
Metroeideros,  I^teacefid  (Heliophyllum).  Among  the  other  character- 
istic forms  are  the 

Oenera, — Licuala,  Lodoicea,  Rafflesia,  Brugmansia,  Stemonurus,  An- 
tiaris,  Myristica,  Nomaphila,  Hydrophytum,  Philagonia,  Esenbeckia, 
Echinocarpus,  Aromadendron. 

Predominant  trees  and  skrtibs, — Prims&val  forests,  composed  especially 
of  species  of  Ficus,  Lauracese,  CalamesB,  and  BignoniaeesB,  with  Licusla 
speoiosa,  Broussonetia  papyrifera,  Artocarpus  incisa,  Antiaris  toxicaiia 
(Upas),  Myristica,  sp.,  Ardisia,  sp.,  Tectona  grandis,  Strychnoe  tieute, 
Diospyros,  sp.,  Barriiigtonia  sneciosa,  B.  excelsa,  Philagonia  proceia, 
Cereus,  sp.,  Calophvllum  Inopnyllum,  ElsBOcarpus,  sp.,  £$enbeckia  aldd- 
sima,  Echmocarpus  Sigun. 

Cultivated  plants. — The  same  as  in  the  Indian  region,  with  Bread-fruit, 
Cassava,  Inocarpus  edulis,  Nutmeg,  Camphor,  Papaw,  Cotton  (tree,  &c > 
Paper-mulberry,  Hemp. 

10.   Upper  Javan  (or  Bktme^s)  Begion. 

Altitude,  6000-12,000  feet 

Character, — This  region,  like  the  preceding  included  in  Qrisebach'fl 
Indian  Monsoon  region,  bears  a  certain  resemblance  to  the  Emodic  r^on, 
and  ouffht  perhaps  to  be  united  with  it  Extratropical  forms  replace  tlie 
tropical.  Oak-woods  replace  the  forests  of  Ficus ;  and  these  are  succeeded 
by  forests  of  Podocarpus  mingled  with  TemstToemiaceous  trees,  ftbow 
which  the  shrubby  Heaths  (Thibaudia)  and  woody  Gnaphatia  occur  at  s 
comparatively  low  elevation  (9000  feet),  where  the  trees  cease. 
^  Genera, — Plantago,  Lysimachia,  Veronica,  Gentiana,  Swertia,  Vac- 
cinium,  Gaultheria,  Vireya,  Thibaudia,  Bellis,  Galium,  Saprosma. 
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Charaoterisiie  trees  and  shrubs, — TemstroBmiaoen  (Cleyeia),  Gk)idoiuay 
Schima,  Eurya,  Meliaoese,  arborescent  Eumtorieffi,  Lauraces,  Ficus, 
Podocarpus  amarsu  P.  imbricata,  P.  latifoUa,  P.  bracteata^  Agatms  loran- 
thifolia,  Quercus,  16  sp.,  Mvrica  javanica,  Castanea  javanica.  C.  arj^^entea, 
&c.,  Dithocarpus  javensis,  £ngelhardtia  epicata,  E.  rigida,  Toibaudiai  sp., 
Vibumum,  sp.,Saiabucus  javanica,  Heemospenniiin  arboreum,  MesidluB,  sp. 

(For  further  information  on  the  botany  of  thb  region  the  pablicationfl 
of  BLume,  Miquel,  fieocari,  and  other  botanists  should  be  consulted.) 

11.  Oceamo  (or  Chamissd^s)  Region. 
Mean  temperatwrey  78''-88''  Fahr.  (23<*-29*>  C). 

Character, — A  sparing  and  not  very  peculiar  flora.  Greater  approxi- 
mation to  the  flora  of  Asia  than  to  tnat  of  Africa ;  some  affinity  to  the 
Australian  (Casuarina,  Proteacese,  Myoporum,  EpacridesB,  Melaleuca, 
Acaci»  aphyllffi). 

&«iera.--Schiedea,  Antholoma,  Aporetica,  Crossostylis,  Codia,  Timo- 
nius,  Kadua,  Cyathostegia,  Argophyllum,  Melodinus,  Ascaiina. 

Predonwnaid  trees  and  shrubs, — Dracsena  terminalis,  Tacca  pnnatifida, 
Pandanus  odoratissimus,  Cocos  nucifera,  Corrpha  umbraculifera,  Cupressus 
columnaris,  Oasuarina  equisetifolia,  C.  nodiflora,  Ficus,  sp.,  Artocarpus 
inciaa,  Aleurites  triloba,  Embothrium  strobilinum,  Sceevola  Koenigii,  Vac- 
cinium  oeieum,  Lobelia  arborea,  &c. ;  Ooffea  kaduana,  0.  Mariniana, 
Kadua  Cookiana,  &c.,  Rhizophora  Mangle,  R.  gymnoriiiza,  Terminalia 
Cataljpa,  Bairingtonia  speciosa,  Melaleuca  virgata,  &c.,  Osteomeles  anthyl- 
lidifoua,  Cassia  Sophora,  Mimosa  Mangium,  Adenanthera  scandens,  Black- 
bnmia  pinnata,  Calophyllum  InophyUum,  Clusia  sessilis,  C.  pedicellata, 
SapinduB  Saponaria,  Dodonsda  spathulata,  D.  viscosa,  Aporetica  pinnata, 
A.  temata,  Grewia  Mallococca,  Sterculia  Balangas,  S.  foetida,  Commersonia 
ediinata,  Tetracera  Euryandra. 

CuUitated  plants, — ^Bread-fruit,  Taro  (Arum  esculentum),  Arum  sa- 
ffittifolium,  A.  microrhizon,  Tacca  pinnatifida.  Convolvulus  chrysorhizus, 
Tam  (Dioscorea  alata),  Cocoa-nut,  Banana,  Inocarpus  edulis,  Sterculia 
Balangas,  Reus  aspera,  F.  Granatum,  Shaddock,  Hog-plum  (Spondias 
dulds),  Mimusops  dissecta,  Terminalia  glabra,  Crataeva  religiosa,  £ugenia 
malaccensis,  Dracssna  terminalis,  Macropiper  methysticum,  Areca  oleracea, 
Paper-mulbeny. 

(Seemann's  ^  Flora  Vitlensis '  may  be  consulted  for  a  complete  list  of  the 
plantB  of  Fiji,  &c.) 

12.  Region  of  Bakamio  trees  {Arabian  or  ForskaTs  Region), 

Tbaa  and  the  following  region  are  properly  grouped  in  one  region 
by  Qiisebach,  the  broad  dimatal  and  botanical  leatures  being  the  same 
from  the  Atlantic  to  the  Indian  Ocean,  south  of  the  Mediterranean  district 
and  north  of  the  Central  African  region.  It  extends  to  Arabia,  Scinde, 
and  the  Puiy  ab.  Gbeat  heat  and  almost  rainless  seasons  are  characteristic 
The  vegetation  is  peculiar,  consisting  often  of  spiny,  bulbous,  or  succulent 

Character, — Tropical }  in  greatest  part,  Indian  forms. 
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Characteristic  genera, — Stnemia,  Mierua,  Seiraea,  Oncoba,  Caacantlmsy 
(^eruma,  Balsamodendron,  Cadia,  Orygia.  Some  approzimatioii  to  tlie 
South-African  flora  (Stapelia,  HaBmanthus). 

Predominant  trees  ana  shrubs, — Pandanus  odoratissimus,  Ficus  Sjca* 
morus,  F.  salidfolia,  F.  populifolia,  F.  Forskalii,  F.  palmata,  F.  eeirata,  F. 
Sur,  F.  Toka,  Avicennia  tomentosai  Oynanchum  arboreum,  Balaamoden- 
dron  gileadense,  B.  OpobaLiamum,  B.  Kataf,  R  Kaful,  CelastruB  edulis, 
C.  parviflora,  Grewia  populifolia,  MaQrua  uniflora,  M.  raoeznosa. 

Cultivated  plants, — ^Muleta  (species  of  Sorghum),  six-rowed  Barley, 
Maize,  Arum  Colocasia,  Date-pabn,  Plantain,  Cocoarnut,  Tamarind,  Fig, 
Papaw,  Peach,  Apricot,  Plum,  Apple,  Quince,  Vine,  Coffee,  Sugar,  Ginger, 
Radish,  Spinach,  Gourd,  Dolichos,  sp.,  Tree-cotton,  Indigo. 

Note. — ^This  region  extends  to  the  plains  of  North-east  India  (Sdnde), 
and  should  probaolj  include  part  of  Persia  and  also  of  the  Abjssiniaa 
region.  (Boissier's  '  Flora  Orientalis '  is  a  most  valuable  book'  on  the 
flora  of  these  regions.    See  also  Coason's  memoirs.) 

13.  The  DeseH  Begion  {DelHe's  Region). 

Mean  temperature,  73°-88®  Fahr.  (23^-30°  C). 

Character, — ^This  repon,  like  the  preceding,  is  subject  to  the  unchecked 
prevalence  of  trade-winds.  It  varies  in  character  according  to  the  rocky 
or  sandy  character  of  the  plains,  the  presence  of  oases,  &c.  A  veiy  i>oor 
flora.  "No  characteristic  Orders  or  genera,  but  the  following  species: 
Pennisetum  dichotomum,  Phoenix  dactylifera,  Cucifera  thebaica,  Euphor- 
bia mauritanica,  ^lErua  tomentosa,  Acacia  nilotica,  A.  arabica,  A.  gummi- 
fera,  A.  Senegal,  Cassia  obovata,  C.  Singueana,  Alhagi  maurorum,  Mimosa 
Habbus,  Zizyphus  Palma  Christi,  Zygophyllum  simplex,  Z.  album,  Fago- 
nia  arabica,  F.  Oudneyi. 

Cultivaiion, — Only  in  the  Oases;  here  principally  the  Date-Palm. 
Doura  (Sorghum  viugare),  Wheat,  Barley.  South-European  and  certain 
Indian  fruits. 

14.  Begum  of  Tropical  Afi*ica  {AdansofCs  JRegion), 

Mean  temperature,  73°-86°  Fahr.  (23^-30°  C). 

Character, — The  Sudan  region  of  Grisebach ;  is  remarkable  for  thelai^ 
number  of  peculiar  generic  types,  each  often  containing  but  few  snecies. 
LeguminosfiB,  Kubiaceae,  Cyperacese  very  prevalent.  Comparatively  few 
species  of  Palmacese,  Filices,  Scitaminese,  Piperacese,  Passinorese. 

Genera, — Adansonia,  Dombeya,  Melhania,  Christiihiia,  Pentadeema, 
Napoleona,  Parkia,  Thonningia. 

Predominant  trees  and  shrubs, — Anona  senegalenms,  &c.,  Cadaba  fan- 
nosa,  Cratieva  Adansonii,  Cappaiis  edulis,  Pentadesma  butyracea,  Bom- 
bax  pentandrum,  B.  guineense,  Adansonia  digitata,  Sterculia  acuminata, 
Grewia  carpinifolia,  Acacia,  sp.,  Cassia  occidentalis,  Pterocarpus  esculen- 
tus,  Parkia  africana,  Chiysob^anus  Icaco,  Conocarpus  pubescens,  Rhizo- 
phora,  sp.,  Psychotria,  sp.,  Bignonia  tulipifera,  Avicennia  afncana,  En* 
phorbia  ^shrubby  species),  Hcus,  sp.,  Elais  guineensis,  £.  melanococca, 
Khapis  vmifera,  Phoenix  spinosa,  Pandanus  candelabrum. 
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CtdUvaied plants. — ^Maize,  Hice,  Millets  (Sorghum  vulgare,  saccharatum, 
Panicum,sp.)y  Yam  (Dioscorea  aJata,  sativa).  Cassava,  Arum  esculentum. 
Plantains,  Mango,  Papaw,  Pine-apple,  Oil-palm,  Cashew-nut,  Figs,  Tanm- 
rind,  Citrus,  su.  (Oranges,  Limes,  Lemons,  &c.);  Coffee,  Sugar,  Ginger, 
Cardamoms,  Grains  of  Paradise,  &c..  Beans  of  various  kinds,  and  Do- 
lichos  pulses,  Ground-nut  ^Arachis),  edible  Solana,  Cotton,  Tobacco. 
(For  iniormation  respecting  tne  flora  of  this  district,  see  spedaUy  Oliver's 
*  Flora  of  Tropical  Africa,'  Peters's  * Mossambique,'  Hooker's  'Niger 
Flora,'  various  papers  of  Burchell,  Welwitsch,  and  others.) 

Intermediate  in  position  and  in  characteristics  between  the  preceding 
region  and  the  South- African  or  Cape  Region  is  Grisebach's  Kalahari 
Jteffion,  a  dry  stonv  desert,  without  oases.  Spiny  Acacias  and  bulbous 
plants  manage  to  live,  as  well  as  Cucurbits,  succulent  Vines,  and,  most 
curious  of  all,  the  strange  Welioitschia, 

15.  Region  of  Cacti  and  Piperaceca  (^Jacquin's  Region). 

Mexico,  Chiiana,  SfC, 

AUitude,  up  to  6000  feet    Mean  temperature,  68^-84°  Fahr.  (20°-29^  C). 

Character, — Bromeliaceie,  Piperaceae,  Passiflorace®,  CactacesB,  Euphor- 
biacese,  Convolvulaceas,  ApocvnacesB,  Rubiaceie.  Tropical  Orders  less 
frequent  here  than  in  other  places  within  the  tropics :  Filices,  Scitarai- 
ne^e,  Orchidacese,  Myrtaceaa,  LeguminosaB,  Terebinthacese,  Aurantiaceae, 
Tiliacea;,  Malvaceae.  Extratropical  Orders  appearing  or  becoming  more 
abundant :  LabiatSB,  Ericacese,  Oampanulaceae,  CompositSB,  UmbellifenBy 
Crassulacece,  RosacesB,  Caryoph yllacese,  CrucifersB,  RanunculacesB. 

Charactei-isiic  genera, — Phytelephas,  Kunthia,  Galactodendron,  Podo- 
pterua,  Salpianthus,  Russellia,  Lagascea,  Grouovia,  Inga,  Thouinia,  Lace« 
pedia,  Theobroma,  Guazuma. 

Predominant  trees  and  shrubs, — Cyathea  spinosa,  C.  villosa,  Meniscium 
arborescens.  Agave  americana.  Yucca  acaulis,  Cocos  nucifera,  C.  buty- 
racea,  Mauritia  flexuosa,  Martinezia  caryotifolia,  Oreodoxa  montana, 
Kunthia  moutana,  Chamnrops  morini,  Corypha  Miraguama,  C.  Pumos, 
C.  tectorum,  &c.,  Liquidambar  styracinua,  (3ecropia  p^eltata.  Galactoden- 
dron utile,  Rhopala  ovata,  Avicennia  tomentosa,  Lhretia  temifoiia,  Cordia 
dentata,  Cereus,  sp.,  Melocactus,  sp.,  Opuntia,  sp.,  Pereskia,  sp.,  Mammil- 
lariAy  sp.,  Lec^this  elliptica,  &c.,  BerthoUetia  excelsa,  arborescent  Mela- 
stomae,  Bauhmia  splendens,  B.  suaveolens,  &c.,  Hiematoxylon  campe- 
chianum,  Caesalpinm  cassioides,  &c..  Acacia  comigera,  A.  foetida,  &c., 
Hymenaea  Courbaril,  &c.,  Inga  Humboldtiona,  I.  insignis,  &c.,  Mimosa, 
sp.,  Swietenia  Mahogani,  Bonplandia  trifoliata. 

Cultivated  plants, — Maize,  Doura,  Cassava,  Yam,  Batatas,  Plantidn, 
Mango,  Custard-apples,  Guavas,  Cocoa-nut,  Papaw,  Peach,  Pine-apple, 
Cashew-nut,  Tamannd,  species  of  Citrus,  Granadilla,  Vine,  Cactus-fig, 
Rose-apple,  Cocoa,  Vazmla,  Coffee,  Sugar,  Tomatos,  Capsicums,  Pigeon- 
peas  (Cajanus),  Ground-nut,  Cochineal-cactus,  Tobacco,  Cotton. 

Grisebach  very  properly  separates  the  cissBquatorial  region  of  South 
America  from  the  Mexican  region.  The  shores  oi  northern  South  America, 
as  well  as  the  river  districts  -of  the  Orinoco  and  Amazon,  are  covered  with 
dense  forests,  with  few  Conifers,  but  many  Palms  and  climbing  plants. 
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The  sayannahs  and  llanos  are  plains  or  plateaux  coTered  with  giaM|  with 
few  trees,  and  sometimes  deserts. 

16.  JRegion  of  the  Mexican  Highlands  (Botqdand's  i2e$fu>ii). 

AltUude,  above  6000  feet    Me<m  temperature,  QT*-?^  Fahr.  (2QP-2r  C). 

Character, — ^The  climate  of  the  Mexican  Highlands  is  very  miiform. 
Tropical  forms  vanishing  or  decreasing :  Tree-ferns,  Palmaoe»,  iHperaces, 
EuphorbiacesBy  MelastomacesB,  Passiloraceas.  Extratropical  forms  nuke 
their  appearance  or  become  more  abundant :  Amentaoeas  (Salix,  Quercus), 
ConifersB  (Pinus,  Cupressus),  Labiatte  (Salvia,  Stachvs,  Marrubium), 
Fedicularis,  Anchusa,  Myosotis,  Polemonium,  Ericacesd  (Vacciniam,  Ar> 
btttus,  Arctostaph^los),  Compositte  (greatly  increasing),  Viueriana,  Galium, 
Comus,  Oaprirohum,  Umbelliferse,  Roaekoesa  (Amygdalus,  Mespilus, 
Kosa,  Potentilla),  Caiyophyllee  (Aienaria),  Crucifene  (Draba),  Raoun- 
culacesB  (Anemone,  Ranunculus). 

Characteristic  genera. — Mirabilis,  Maurandja,  Leucophyllum,  Holtzia, 
Dahlia,  Zinnia,  Schkuhna,  Ximenesia,  Lopexia,  Vauquelinia,  Choipja, 
Cheirostemon. 

Predominant  trees  and  shruhs, — ^Forests  of  Oaks  and  Conifers.  Pinus 
occidentalis,  Abies  hirtella,  Cupressus  thurifera,  C.  sabiuoides,  Taxodiom 
distichum,  Quercus  (16  sp.),  Salix  Bonplandiana,  S.  paradoxa,  &c,  Arbu- 
tus mollis,  A.  petiolaris,  Arctostaphylos  polifolia,  A.  pungens,  &&,  Vac- 
cinium  geminiflorum,  V.  stamineum,  V .  confertum,  Kosa  Montesunue, 
Mespilus  pubescens,  Amygdalus  microphylla,  Cheirostemon  platanoides. 

ddtivated  plants. — Maize,  European  cereals,  Olives  and  fruits,  and  es- 
pecially Agave  americana. 

N(de, — In  the  uppermost  regions  of  the  mountains  the  flora  acquirea  an 
alpine  aspect.  Here  occur  Cyperus  toluccensis,  Chelone  gentianoides, 
Cnicus  nivalis,  Ageratum  arbutifolium,  Senecio  (many  procumbent  spe- 
cies), Potentilla  ranunculoides,  Lupinus  elegana,  L.  montana,  Arenaria 
btyoides. 

(For  the  geographical  botany  of  this  and  adjacent  districts  the  volame 
preparing  by  Mr.  Hemsley  for  Messrs.  Salvin  and  Godman's  '  Natural 
History  of  Mexico  and  Central  America  *  will  be  most  important.) 

17.  Begicn  of  Cinchonas  (Andes,  or  Sumhddfs  JRegiony, 

Attitude,  6000-9000  feet.    Mean  temperattire,  59°-68°  Fahr.  (16o-20«  C). 

Character, — ^The  tropical  Andean  region  of  Gbisebach.  The  Pacific 
slope  is  verv  suddeii,  tne  coast  being  nearly  rainless  and  the  vegetation 
poor.  On  tne  eastern  slope  of  the  Cordilleras  a  long  summer  rainy  season 
IS  very  favourable  to  forest  vegetation,  among  which  the  Cinchona-yield- 
ing trees  may  be  specially  mentioned.  Extratropical  forms  make  their 
appearance,  or  become  more  frequent :  Graminaceas,  Amentaoeas  (Qoer* 
cus,  Salix),  LabiatSB  (Salvia,  Stachya,  Scutellaria)^  Anchusa,  Myosotis, 
Swertia,  Ericaceae,  Compositas  (very  numerous),  Capifoliaceas  (Yibumum, 
Sambucus),  Umbelliferie  (Ferula,  Ligusticum),  Rosaceae,  Cnidfers, 
Ranunculaceas.  On  the  other  hand,  certain  tropical  forms  vanish  or  be- 
come rarer,  but  a  few  particular  species  of  Palmae,  Piperaceae,  Cactaoe«i 
Pasaiflorese,  and  Melastomaceae  ascend  to  a  considerable  altitude. 
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Oenera, — Lilsea,  Cervanteaia,  Oreocallifl,  Lachnostoma,  Qaylussaccia, 
Steria,  HaTeria,  Tagetes,  Espeletia,  Cinchona,  Guilleminia,  Loasai  Ka- 
geneckia,  Negretia,  Amicia,  Perottetia,  Dulongea,  Laplacea^  Freziera^ 
Abatia,  Monnina. 

Fredominant  trees  and  shrubs, — Oreodoxa  frigida,  Cerozjlon  andioola, 
Podocarpus  taxifolia,  Salix  Humboldtiana,  Quercus  Humboldtiana;  Q. 
almaguerensLs,  Q.  toUmensiSy  ficus  velutina,  Rhopala  cordifolia,  Oreo- 
calfis  grandiflora,  Persea  Isevigatay  P.  Mutisii,  P.  sericea,  Ocotea  raoUisy 
O.  sencea,  Vaocinium  caracasanum,  Andromeda  bracamorensis,  Befaria 
frlanca,  B.  ledifolia.  Cinchona  Condaminea,  C.  cordifolia,  C.  oblongifolia, 
C.  lancifolia,  &c.,  Weinmannia  elliptica,  W.  Balbisiana,  &c.,  Osteomeles 
^labrata,  Kubus  floribundus;  Ilex  Dumelioides,  I.  mjiicoides,  Clusia  el- 
liptica. 

Cultivated  plants. — The  tropical  cultiyated  plants  mentioned  under  15 
almost  entirely  disappear ;  Maize  and  Coifee,  however,  are  cultivated  in 
this  renon ;  after  tnese  come  the  European  cereals  and  fruits.  Potatoes, 
and  Chenopodium  Quinoa.  (Humboldt's  publications  afford  the  best 
general  view  of  the  vegetation  of  this  district.) 

18.  Megion  of  EscaUonut  and  Calceolaria  (Huiz  and  Pavon^s  Begum), 
AUOude,  9000-18,000  feet.    Mean  temperature,  69^-34°  Fahr.  (15^-1°  C). 

Ckaracter, — This  is  nearly  the  same  as  the  Chilian  transition  region  of 
Grisebach,  intermediate  between  the  Antarctic  region  to  the  south  and 
the  Andean  region  to  the  north ;  eastward  are  the  Pampas.  The  ^neral 
climate  is  like  that  of  the  Mediterranean,  but  with  longer  periods  of 
drought.  The  tro]^ical  forms  have  disappeared  almost  entirely,  but  the 
following  genera  still  occur : — Tillandsia,  Oncidium,  Peperomia,  Khezia, 
Passiflora.  The  forms  which  characterize  the  colder  temperate  and  the 
polar  zones  become  more  common:  Lichens,  Musci,  Uarez,  Luzula, 
Alniis,  Rumex,  Planta^o,  Gentiana,  Swertia,  Vaccinium,  Campanula,  Ca- 
calia,  Senecio,  UmbellifersB,  Valeriana,  Saxifraga,  Kibes,  Rubus,  Alche- 
milla.  Caryophyllace®  (Sagina,  Arenaria,  Cerastium,  SteUaria),  Crucif ersd 
(Draba,  Arabis). 

Predominant  Orders, — CompositsB,  Ghraminaceee,  Ericaceee.  No  large 
trees. 

Characteristic  genera. — Desyeuxia,  Tigridia,  Gardo<}uia«  Calceolaria, 
Thibaudia,  Lysipoma,  Bamadesia,  Homanthis,  Chuquiruga,  Culcitium, 
Wemera,  Dumerillia,  Escallonia,  Pectophytum,  Klaprothifu  Polylepis. 

Predominant  shrubs. — ^Ainus  ferruffinea,  A.  acuminata,  Vaccinium  acu- 
minatum, V.  empetrifolium,  V.  florioundum,  &c.,  Thibaudia  rupestris,  T. 
floribunda,  T.  longifolia,  T.  strobilifera,  Befaria  grandiflora,  R  coarctata, 
Ribes  frigidum,  Escallonia  myrtiUoides,  £.  tortuosa,  £.  berberidifolia, 
Ilex  scopmarum,  Drymis  granatensis. 

(Gay's  '  Flora  of  Chili,  and  Miers  and  Weddell's  publications  on  the 
flora  of  Chili,  Bolivia,  &c.,  may  be  consulted  for  further  details.) 

19.  West-Indian  (or  Stearics)  JRegion, 
Mean  temperature,  69°-79P  Fahr.  (15°-2er>  C). 

Character, — Tropical  heat  with  two  rainy  seasons  are  very  fiivourable 
to  the  growth  of  plants,  but  the  original  character  of  the  flora  has  been 
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much  altered  b^  cultivation.  The  flora  of  this  group  of  islands  approaches 
that  of  the  adjacent  continent,  but  is  distinguished  especially  (like  the 
Polynesian  from  the  Indian  flora)  by  the  great  quantitr  of  Fllices  and 
OrcnidacesB.  In  addition  to  these  Orders,  we  find  among  the  characteristic 
forms  the  following : — . 

Genera, — Thrinax,  Epistylium,  Alchomea,  Tanaecium,  Tetrantlins, 
CatesbiBa;  Belonia,  Portlandia,  Picramnia,  Legnotis,  Lithophila,  Valen- 
tinia,  Hypelate. 

The  following  are  deserving  of  mention  among  the  predominant  trees 
and  shrubs : — Cocos  nucifera,  Pinus  occidentalis,  Laurus,  sp.,  MelastoizUy 
sp.,  Myrtus,  sp.,  Sterculia,  sp.,  Uvaria,  sp. 

Cultivated  plants  the  same  as  in  15. 

(Grisebach's  *  Flora  of  the  West  Indies '  is  the  best  general  guide  to 
the  flora  of  these  islands.) 

20.  Begion  of  Palms  and  Metadoma  {BraaiUan  of  Marthu^s  Etffkm), 

Mean  temperature,  69°-84°  Fahr.  (15«-29°  C). 

Character, — The  Amazon  district  is  perhaps  best  placed  with  the  cx»- 
lequatorial.  The  central  Brazilian  region  consists  of  a  moimtain  range 
to  the  east,  near  the  coast,  and  in  the  interior  high  tableland.  In  the 
dry  season  vegetation  is  dormant,  but  extraordinarily  varied  and  vigorous 
in  the  rainy  season.  Probably  it  is  that  portion  of  the  globe  in  which 
the  Vegetable  Kingdom  presents  the  greatest  profusion  and  variety. 
Abundance  of  genera  and  species,  magnitude  of  indiAiduals,  impenetral^ 
(primsBval)  forests,  numerous  climbing  and  parasitical  plants.  Among 
the  characteristi&p  although  not  peculiar  Orders  may  be  named  Palmace^, 
HsemodoracesB,  GesneracesB,  Melastomaoeae,  and  Sapindace® ;  the  Vochy- 
siacesB  are  peciiliar.  The  peculiar  genera  are  too  numerous  to  be  men- 
tioned here ;  amon^  those  richest  in  species  are  the 

Genera, — Vellosia,  Barbacenia,  Manihot,  Franciscea,  IHtassa,  Lycno- 
phora,  Diplusodon,  Kielmeyra,  Sauvagesia,  Lavradia. 

Characteristic  genera  and  species,  according  to  the  different  modes  of 
occurrence. — In  the  primasval  forests :  Palms  of  various  geneia,  Ticus, 
Cecropia,  Anda,  Rhopala,  Myi-istica,  Bignonia,  TheophraAta,  Stifitia, 
Ox;^ anthus,  Coutarea,  Psvchotna,  Bertiera,  Feidllea,  Canca,  Mvrtus,  Gn^ 
tavia,  Lecythis,  Bertholletia,  Melastoma,  Hymeniea,  Dimon^ba,  Tratti- 
nickia,  Pilocarpus,  Trichilia,  Oedrela,  Cupama,  Banisteria,  Hippocrates, 
Caryocar,  Marcgravia,  Clusia,  Calophyllum,  Sloanea,  Gothea,  Iieoretonia, 
Abroma,  Carolinea,  Bixa,  Uvaria. 

In  the  Catin^as  (or  open  woods,  where  the  trees  lose  their  leaves  in  the 
dry  season) :  Jatropha,  sp..  Acacia,  sp.,  Mimosa,  sp.,  Csasalpinia  pubesoeo^, 
&c.,  Spondias  tuberosa/Tnryallis  brasiUensiSyChonsia  ventiicosa,  Bombax, 
sp.,  Eriodendron,  sp.,  Pourretia  ventricosa,  Capparis  lineata,  &c.,  Abods 
oDtusifblia,  &c. 

In  the  Campos  (open  treeless  plains):  Panicese,  Amaryllis,  AUitite- 
meria,  Vellosia,  Barbacenia,  Burmannia,  Stelis,CnemidostachyB,Rh(^alBj 
Laurus,  Ocotea,  Gomphrena,  Lantana,  Echites,  Hancomia  speciosa,  Oes- 
nera,  Lycnophora,  Baccharis,  Vemonia,  Mikania,  Stena,  Melastomaf 
Hhexia,  Terminalia  fagifolia,  Gaudichaudia,  Sauvagesia,  Lavradia,  Ple<^i* 
anthexa. 
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On  the  sea-coasts:  Cocos  schizophjUa,  Diplothemiom  maritimum, 
Kriocaulon,  sp.,  Xyris,  ep.,  Avicemua  tomentosa,  Rhizophora  Mangle, 
Oonocarpus  erectus,  racemosa,  Bucida  Baceras. 

Cultivated  pltmtSf  about  as  in  15. 

(The  most  detailed  works  on  the  flora  of  this  region  are  the  splendid 
'works  of  Von  Martins,  continued  by  Eichler  and  other  botanists.) 

21.  Region  of  shrubby  Composite  (Extratropical  S.^Atneriean,  or 

St.'-Hilaire^s  Region), 

Mean  temperature,  59°-74°  Fahr.  (16°-23°  C). 

Character, — The  tropical  forms  decrease  or  yanish ;  extratropicaly  espe- 
ciaUj  European,  forms  take  their  place.  RanunculacesB,  OruciferfiB,  Hell- 
anthemum,  Caryophyllaceae,  Latnyrusy  Galium,  Teucrium,  Plantago, 
Carex ;  a  few  South- African  forma,  Polygala,  Oxalis,  Gnaphalium.  This 
region  has  more  than  half  its  genera  in  common  with  Europe.  Numerous 
CompoditSB ;  many  amon^  these  shrubby. 

Genera. — ^Larrea,  Hortia,  Diposis,  Boopis,  Acicarpha,  Cortesia,  Petunia, 
Jaborosa,  Tricycla,  Caperonia,  Bipennula.  The  yegetation  of  the  Pampas 
here  takes  its  character  from  the  long  periods  of  drought,  no  rainy  seasons 
occurring,  and  only  occasional  thunder-storms.  Arborescent  vegetation  is 
scanty  or  entirely  absent.  Spiny  shrubs  and  salt  plants  are  found  in  the 
interior.  Onopordon  Acanthtum  has  in  some  distncts  overrun  the  whole 
country,  disrplacing  the  few  native  plants. 

Cultivated  plants, — ^Mostly  the  European :  Wheat,  Vine.  The  Peach  is 
very  widely  spread. 

22.  The  ArUarctic  Region  (D'UrvUle's  Region). 
Mean  temperature,  41°-48®  Fahr.  (6°-0°  C). 

Character, — Climate  of  northern  portion  mild,  equable,  damp.  Great 
resemblance  to  the  North-European  flora  (Region  2).  The  tropical  forms 
have  entirely  vanished.  Forests  prevail  in  the  south ;  Fagus  antarctica 
and  an  evergreen  species  are  abundant.  In  the  extreme  south  Saxifrages, 
Ranunculi,  &c.  prevail 

IVedominant  Orders, — Composite,  Graminacese,  Cariceee,  Musci,  Li- 
chenes.  The  following  are  also  common:  Ranunculacesd,  Cruciferee, 
Caryophyllaceffi,  Rosacese,  Umbelliferae.  Two  thirds  of  the  ^nera  in 
common  with  Europe.  A  slight  approximation  to  South  Africa  (Gla- 
diolus, Witsena,  Galaxia,  Craasula^  and  to  Australia  (Embothrium, 
Ourisia,  Stylidise,  Mniamm). 

Characteristic  genera, — Gaimardia,  AsteHa,  Callixene,  Philesia,  Dra- 
petes,  Bssa,  Calceolaria,  Pemettya,  Oligosporus,  Nassavia,  Bolax,  Azorella, 
Bonatia,  Acaena,  Hamadryas. 

Predominant  trees  and  shrubs, — ^Fagus  antarctica,  Salix  magellanica, 
Embothrium  coocineum,  Pemettya  empetrifolia,  P.  mucronata,  Andro- 
meda myrsinites,  Baccharis  tridentata,  Chiliotrichum  amelloides,  Ribes 
ma^ellanicum,  Escallonia  serrata,  Fuchsia  coccinea,  Myrtus  nummularia, 
Pen>eris  ilicifolia,  B.  inermis,  B.  microphylla,  B.  empetrifolia,  Diimys 
Winteri.  No  cultivation.  (Hooker's '  Flora  Antarctica '  is  the  best  flora 
of  this  region.) 
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23.  Megion  of  StapeluB  and  Mesemlnyanthema  (&'Jfiiean  or 

Thiunber^B  Region). 

Mean  temperature,  54*'-73*'  Fahr.  (12°-23°  C). 

Character, — ^A  sucoesnon  of  moontain  ranges  and  inteirening  plateaux 
separate  the  coast  region  from  the  elevated  plains  in  the  interior.  The 
coast  region  has  a  flora  very  rich  in  forms,  flowers  abundant  and  beautif  dL 
but  the  trees  or  shrubs  not  luxuriant ;  no  large  dense  forests,  or  abund- 
ance of  climbing  plants,  &c. ;  many  succulent  plants. 

Characteristic  Orders. — Bestiaceee,  IridacesB,  Proteacece,  Ericaceae,  E- 
coidete,  Bruniaceae,  Diosmeie,  Geraniacese,  OxalidesB,  Polygalaceie. 

Genera, — Restio,  Lda,  Gladiolus,  MorsBa,  Wataonia,  Haemanthus,  Stni- 
maria,  Agapanthus,  Eucomis,  Massonia,  Strelitzia,  Passerina,  Gnidia, 
Protea,  liBUcadendron,  Leucospermura,  Serruraria  (and  many  other  Pro- 
teaceffi^,  Stilbe,  Selago,  Stapelia,  Erica,  Gnaphalium,  IlelichrysumyStobea, 
Pteronia,  Osteospermum,  Tarchonanthus,  Belhania,  Gorteria,  Arctotis, 
Othonna,  Stoebe,  Gi^dera,  Anthospermum,  Mesembiyanthemum,  Vahlia, 
Liparia,  Borbonia,  Lebeckia,  Rafinia,  Aspalathus,  StaviayBruniayPhylica, 
Diosma,  Pelargonium,  Oxalis,  Sparmannia,  Muraltia,  Polygala,  Peiuea. 

Predominant  forms. — On  ike  sandy  districts  of  the  coasts :  Stapelia, 
Iridaceffi,  Mesembryanthemum,  Hestio,  Diosma.  On  the  mount&ms: 
Proteaceffi,  Erica,  Crassula,  &c.  On  the  dry  plateaux :  Acacia  capeosis, 
A.  Giraflse,  A.  detinens,  A.  viridiramis,  Euphorbia  mauritanica,  £.  teDux^ 
Poa  spinosai  Mesembryanthemum,  sp..  Aloe,  Iridaceas,  Erica,  Diosmes, 
Restio. 

Other  remarkable  species. — Hnmanthus  coccineus,  Amaryllis  toxicaiia, 
Testudinaria  montana,  T.  elephantipes,  Podocarpus  elongatus,  Salix 
gariepina,  Protea  meUifera,  P.  grandiflora,  Leucadendron  argenteum, 
Lauras  buUata,  Lycium  tetandnmi,  Olea  eimilis,  Rhizogum  trichotomum, 
Tarchonanthus  camphoratus,  Stoebe  rhinocerotis,  Crassula  coccinea, 
Portulacaria  afra,  Mesembryanthemum  edule,  M.  tiu-biniforme,  Metro- 
sideros  angustifolia,  Acacia  elephantina,  Zizyphus  bubalina,  Calodendron 
capense. 

Cultivated  plants. — ^The  European  cereals,  fruits,  and  esculent  xege- 
tables ;  also  Sorghum  cafi&orum,  Batatas,  Plantains,  Tamarind,  Guava, 
Shaddock. 

The  Kalahari  region  of  Grisebach,  which  intervenes  between  this  region 
and  the  Sudan,  is  alluded  to  at  p.  687.  (The  works  of  Harvey  and  Sender 
afford  the  best  general  insight  into  the  nature  of  this  flora.) 

24.  Megion  of  the  Eucalypti  and  Efmerides  (AustraUanf  cr 

M.  Brown's  Region.) 

Mean  temperature,  53*'-73«  Fahr.  (12°-23°  C). 

Character. — ^The  Australian  flora,  as  a  whole,  is  tropical  in  the  nortb, 
where  it  approximates  to  the  Indian  monsoon  and  Oceanic  types,  in  the 
centre  is  a  ory  desert  region,  while  south  the  climate  is  like  that  of  the 
Mediterranean.  The  vegetation  necessarily  presents  great  differences 
according  to  the  variations  in  climate.  In  Tasmania  the  rainfall  is  more 
evenly  distributed  throughout  the  year.  The  Australian  is  one  of  the 
richest  and  most  peculiar  floras,  but  without  any  consideiable  profusion 
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of  Tegetation.  The  plants  of  Swan  River  present  much  in  common,  so  far 
as  geDezic  types  are  concerned,  with  those  of  the  Cape. 

The  characieristio  Orders  and  genera  are: — Xeiotes,  XanthorrhoBa, 
Pterostjiis,  Caeuarinse,  Leptomeria,  Pimelea,  Proteacee  (Banksia,  Hakea, 
Persoonia,  GreviUea,  Petrophila.  IsojMgonyDryandra),  Ik^oporinesd,  West- 
ringia,  Logania,  Mitrasacme;  Epacridacead  (Epacns,  Leucopogon.  Sty- 
pbdia),  Stackhousiese,  ScsBvoleae,  Goodenovieie,  St^lidisB,  Sucalrptusy 
Melaleuca,  Leptospermum,  Acaciie  aphyllas,  Platylobium,  Bos^uea.  Dios- 
meie  (Boronia,  Zieria),  Pittosporese,  Tremandre®,  Pleurandra,  Hibbertia. 

I^redominmU  trees  and  shfw>s. — Three  fourths  of  the  forests  are  com- 
])osed  of  species  of  Eucalyptus,  the  number  of  which  amount  to  more  than 
a  hundred ;  some  are  very  lofty.  Next  to  these  come  ProteacesB,  Epa- 
cridesB,  Diosmeffi,  CasuarinsB,  and  Acacifis  aphvUsa,  forming  woods  and 
''  bush."  Also  Coniferse,  Araucariaexcelsa,  A.  Bidwilli,  A.  Cunninghamii, 
A.  Gookii,  Dacrydium  Franklmii,  Podocarpus  spinulosa. 

Cultivaied  plants, — ^In  the  European  colonies  the  cereals,  fruits,  and 
vegetables  of  Europe.  (For  further  information  consult  the  works  of 
Robert  Brown,  Baron  von  Muller,  and  specially  Bentham's  *  Flora  Austra- 
Hensis.') 

25.  yevhZealand  Begion  (Foster's  Begion), 
Temperate  dimate. 

Character, — The  flora  is  more  nearly  related  to  that  of  South  Chili 
than  to  that  of  Australia.  Evergreen  forests,  lofty  Conifers,  and  Tree 
Ferns,  Cordylines,  &c.  abound.  Tropical  forms  vanish,  or  appear  but 
sparingly.  Half  the  genera  European.  Approximation  to  Australia 
(Pimehm,  Myoporum,  Euacris,  Styphelia,  Cas&mia,  Melaleuca) ;  to  South 
Africa  (Gnaphalium,  Xeranthemum,  Tetragonia,  Me^embryanthemum, 
OxaliB,  Kestio);  to  the  Antarctic  region  (Mniarum,  Fuchsia,  Acssna, 
Drimys).    Many  Ferns. 

Genera, — ^Phormium,  Pennantia,  Knightia,  Forstera,  Griselinia,  Meli- 
cope,  IHcera,  Plagianthus,  Meiicytus. 

Characteristic  species, — Cyathea  medullaris,  Gleichenia  furcata,  Dra- 
csBna  indivisa,  D.  australis,  Phormium  tenax,  Areca  sanida,  Dacrydium 
taxifolium,  Dammara  australis,  Podocarpus  Totarra,  Knightia  excelsa, 
Avicennia  resinifera,  Andromeda  rupestris,  Epacris  juniperina,  Wein- 
mannia  racemosa,  Tetragonia  expansa,  Fuchna  excorticata,  Melaleuca,  sp., 
Dioera  dentata,  &c. 

Cultivated  j^ofUs. — ^Arum  esculentum.  Convolvulus  chrysorhizus,  Phor- 
mium tenax,  &c.  In  the  European  colonies  the  cereals,  fruits,  and  escu- 
lents of  Central  Europe.  (Hooker's  Flora  and  Handbook  to  the  Flora 
of  New  Zealand  constitute  the  best  general  works  on  the  Flora  of  New 
Zealand.) 

Irisular  Floras, 

The  flora  of  islands  remote  from  any  continent  is  of  peculiar 
interest  where  it  has  not  been  interfered  with  by  cultivation  or 
other  destructive  agency.  The  questions  to  be  solved  are : — How 
did  the  plants  now  existing  on  these  islands  get  there?  Were 
they  created  in  situ^  or  were  they  imported?    If  so,  How,  when, 
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and  whence?  Speaking  generally,  insular  floras  eomprise  some 
species  which  are  absolutely  peculiar  or  endemic;  some  whidi 
are  so  closely  allied  to  continental  forms,  that  it  may  readily 
be  conceived  that  they  came  from  a  common  stock  at  a  compara- 
tively recent  period ;  and,  thirdly,  species  identical  with  those  of 
9ome  continent,  and  that  not  necessarily  the  nearest  to  them,  often 
indeed,  not  so ;  hence  the  probability  that  these  islets  received  their 
vegetation  from  these  distant  continents  at  a  geological  epoch  veij 
remote  from  the  present.  Unfortunately  cultivation,  the  destruction 
of  forests,  the  ravages  of  goats,  rats,  and  other  destructive  animals, 
have  in  most  cases  materially  altered  the  character  of  the  flora. 
The  aboriginal  flora  of  St.  Helena,  for  instance,  is  all  but  entirely 
destroyed,  and  its  place  supplied  by  introduced  vegetation,  or  by 
species  in  no  way  peculiar  to  the  island.  When  near  a  continent, 
and  divided  from  it  by  a  shallow  sea,  the  floras  of  island  and  con- 
tinent are,  in  a  broad  sense,  identical,  as  those  of  England  and 
Northern  Germany ;  but  where,  as  in  the  case  of  Madagascar,  an 
island  is  large  and  separated  by  a  deep  channel  several  hundreds 
of  miles  wide,  the  flora  is  different.  Some  islands  are  of  volcanic 
origin,  like  Madeira,  the  Azores,  and  the  Canaries  ;  and  the  anti- 
quity of  their  flora  can  be  studied  with  reference  to  their  geological 
history. 

The  Atlantic  Iskftds. 

The  general  character  of  the  flora  is  distinct,  with  an  intermixture  of 
Mediterranean  elements,  and  of  species  from  the  African  mainland.  Lyell 
considers  that  these  islands  had  never  any  connexion  with  the  mainland, 
but  that  thev  originated  as  volcanoes  in  I^iocene  times,  and  were  peeked 
by  waifs  and  strays  from  Europe  and  Northern  Africa  in  that  period.  The 
presence  of  such  North-Amencan  types  as  Peraea  and  C^ethra  is  explained 
by  the  fact  that  in  Miocene  times,  when  the  Atlantic  volcanoes  first  reared 
their  crest  above  the  waves,  Europe  was  covered  with  a  very  rich  vegeta- 
tion, containing  many  genera  now  peculiar  to  America  (Hooker),  so  that 
the  genera  in  question  m  Madeira  may  be  looked  on  as  '*  survivals  "  from 
the  Miocene  period.  Monizia  edulis,  a  native  of  one  of  the  Deeertas, 
belongs  to  a  genus  which  has  no  representative  elsewhere  in  the  world. 
This,  too,  like  Compantda  Vidalii,  which  only  exists  on  one  rock  off  the 
coast  of  Flores,  mav  be  regarded  as  a  *'  survival"  Hooker  (Lecture  on 
Insular  Floras,  'Gardeners*  Chronicle,'  1867)  considers  that  Volcanic 
Islands  received  their  flora  by  means  of  immigrants  from  various  con- 
tinents, and  does  not  favour  the  view  that  these  distant  islets  ever  foimed 
parts  of  existing  continents.  The  same  ^author  points  out,  in  general  term^, 
that  islands,  owing  to  the  similarity  of  physical  circiunstances,  are  peopled 
with  similar  plants,  and  that  their  vegetation  is  conroquently  similar,  as 
in  the  abundance  of  Mosses  and  Ferns  and  of  evergreen  trees.  Animals, 
on  the  other  hand,  are  rare.  Species  are  few  in  proportion  to  genera, 
genera  to  Orders,  hence  the  remarkable  difference  m  tihe  flora.  The 
moontajns^  moreover,  have  relatively  few  alpine  plants. 
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The  Cape-Verde  lalaiids  have  a  flora  which  is  quite  of  the  Saharan 
type.  St.  Helena  had  a  large  number  of  trees  of  peculiar  character  show- 
ing an  African  type. 

The  Maacarene  Islands, 

MadagaecaTy  Mauritius,  Bourbon,  and  the  Seychelles  are  tropical  islands 
cf  Tolcanic  or  metamorphic  origin.  Half  the  species,  according  to  Baker 
(whoee '  Flora  of  Mauritius '  is  the  most  recent  enumeration),  are  peculiar 
to  one  or  other  island,  or  common  to  the  whole  Archipelag:o,  while  6  per 
cent,  are  African,  8  Asiatic,  14  common  to  Asia  ana  Africa,  and  21  per 
cent,  common  to  the  Old  and  New  Worlds.  The  most  abundantly  repre- 
sented Orders  are  Ferns,  Orchids,  Grasses,  Sedges,  Rubiacese,  Euphor- 
biacese,  Composites,  and  Leguminosse.  The  total  proportion  of  species  to 
a  genus  is  2-3,  and  of  species  to  an  order  between  9  and  10.  No  less 
than  269  species,  according  to  Mr.  Baker,  have  been  introduced,  and  have 
established  themselves  in  Mauritius,  while  the  native  flora  has  been  to  a 
large  extent  exterminated  by  cultivation,  &c. 

Pacific  Islands,  ^c. 

The  floras  of  the  Indian  Archipelago,  of  the  Sandwich  and  Fiji  Islands, 
are  closely  related  to  the  Indo-Malay  type  of  vegetation,  as  already  men- 
tioned, and  form  a  transition  between  it  and  that  of  Northern  Australia. 
New  Caledonia  and  Lord  Howes  Island  belong  to  the  Australian  type  as 
regards  their  flora,  with  some  peculiar  forms.  The  flora  of  Norfolk  Island, 
broadly  speaking,  is  allied  to  the  New-Zealand  flora^  with  admixture  of 
Australian  and  Indo-Malayan  types. 

The  Auckland  and  Campbell  Islands  have  the  general  features  of  New- 
Zealand  vegetation.  Chrysobactron  Hossii,  a  noble  yellow-flowered  Aspho- 
del, is  one  of  the  characteristic  plants. 

Antarctic  Islands. 

Under  this  head  brief  mention  may  be  made  of  Juan  Fernandez,  the 
flora  of  which  is  mainly  South  Chilian,  with  marked  preponderance  of 
Composites  and  many  peculiar  types. 

Kerguelen's  Island  has  a  floraallied  to  that  of  Fuegia.  The  Ker^elen 
Cabbage,  Pringlea  antiscorbutica,  is  characteristic,  and,  according  to 
Bennett,  differs  from  most  European  Crucifers  in  being  wind-fertilized, 
an  interesting  fact  to  be  correlated  with  the  large  proportionate  numbers 
of  wingless  insects.    The  flora  of  Marion  Island  is  of  similar  character. 

The  xalkland  Islands  are  of  similar  general  character  to  Kerguelen's 
Land,  and  are  remarkable  for  being  covered  with  dense  tufts  of  Tussac 
grass,  DactyUs  ceBspitosa^  and  with  hummocks  or  cushion-shaped  masses  of 
an  Umbellit'er,  Bolax  gleharia. 

Cockburn's  Island,  lat.  64°  12'  S.  lat.,  due  south  of  Cape  Horn,  yields 
little  or  no  vegetation  beyond  Mosses  and  Lichens  of  cosmopolitan 
diffusion. 

SotUh'Atlantic  Islands. 

The  floras  of  St.  Helena  and  Ascension  have  been  already  alluded  to. 
It  remains  to  make  brief  reference  to  the  floras  of  Amsterdam  Islandi 
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St.  Paul's,  and  Tristan  d'Acunha.  Very  littie  is  known  of  the  vegetation 
of  theee  islets ;  but  a  species  of  PhyUca  ib  supposed  to  fonn  the  forest  of 
the  firstrmentioned  island,  and  to  connect  botanicallj  the  islands  of  St. 
Helena,  Tristan  d'Acunha^  and  Amsterdam  one  with  another  and  ^th 
the  African  continent,  species  of  PhyUca  being  found  in  each,  and  most 
abundantly  in  South  Africa.  Sparttna  artmdinaoea,  a  grass,  is  cammon  to 
the  islands  of  Amsterdam,  St.  Faul's,  and  Tristan  d'Acunha.  CheaMpth- 
dium  totnento9umy  Nertera  depressay  Dactylis  etMpUosa,  and  Aeeena  indi- 
cate a  connexion  with  the  Fuegian  and  Antarctic  floras,  and  throu^  a 
species  of  Felaryonium  with  the  South-African. 

Sect.  4.  Statistics  of  Yeoctation. 

Number  of  Species. — ^Yarious  authors  have  made  compatatioDS 
from  existiog  data,  with  a  view  to  ascertain  the  total  number  of 
existing  species  of  Phanerogams ;  but  as  the  opinions  of  authcnrs  as 
to  what  limits  a  species  are  so  extremely  varied,  it  seems  useless  to 
occupy  space  with  such  speculative  matter.  The  computations 
range  from  100,000  to  300,000  species  and  upwards.  It  is  some- 
what more  easy  to  lay  down  some  general  statistical  facts  regard- 
ing the  distribution,  and  particularly  in  reference  to  the  relative 
proportions  of  the  more  important  Glasses  and  Orders,  in  diSerent 
regions  of  the  globe. 

RalatlTe  Proportion  of  the  larger  Qroaps. — Materials  are  insufficient  to 
enable  us  to  calculate  the  relative  distribution  of  Cryptogams  and  Pha- 
nerogams in  different  regions.  The  former  appear  to  b&ar  a  higher  pro- 
portion to  the  latter  as  -v^  e  recede  from  the  equator  to  the  poles ;  but  this 
may  depend  upon  our  better  acquaintance  with  the  Cryptogamic  Floras 
of  the  northern  temperate  regions  than  with  the  Cryptogams  of  the 
warmer  climates. 

As  regards  the  relative  abimdance  of  Monocotyledons  and  Dicotyledons 
in  different  latitudes,  it  is  generally  agreed  that  the  proportion  of  Mono- 
cotyledons to  Dicotyledons  mcreases  from  the  equator  towards  the  poles — 
a  retrogression  of  the  proportional  number  taking  place,  however,  in  the 
icy  regions  of  the  poles  and  on  the  alpine  summits.  Asa  rule  also,  closely 
connected  with  the  above  statements,  Monocotyledons  are  more  pre- 
dominant in  proportion  to  the  greater  moisture  of  a  dimato. 

Probably  no  Orders,  except  the  Leguminosn  and  the  Composite,  con- 
tain a  number  of  species  amounting  to  5  per  cent,  of  the  total  number  of 
Phanerogamic  species.  Thus  the  existence  of  species  of  one  Order  in  any 
region  exceeding  in  number  5  per  cent,  of  all  species  found  there,  indicates 
a  predominance  of  that  Order.  If  such  predominance  occur  only  in  one 
region,  the  Order  becomes  characteristic  of  that  re^on  ;  if  such  predomi- 
nance of  the  same  Order  occur  in  many  regions,  it  mdicates  wide  difuuon 
of  that  Order. 

In  a  very  long  list  of  Floras,  from  all  parts  of  the  globe,  compared  by 
Alph.  De  Candoile,  it  was  found  that  only  35  Orders  of  Phanerogamia 
formed  more  than  6  per  cent,  in  any  one  or  several  regions. 
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The  Olden  which  presented  in  one  or  bat  a  few  floras  from  10  to  19 
per  cent  of  the  Phanerogamic  species  were : — 

Gaiyonhyllaceffi. .  Spitzbergen  (14^  per  cent). 

Crucifer»   Spitzbergen  (19)  and  Melville  Island  (13}). 

LeguminossB  ....  Almost  all  intertropical  and  subtropical  regions. 

Kubiaceas   Sierra  Leone  (10). 

ProteacesB Australia  (11^). 

MelastomacesB  . .  West  coast  of  tropical  America  (11}),  Brazil  (F). 

SaxifragaceiB ....  Spitzbergen  (1  ij),  Melville  Island  (15). 

Solanaceas Ascension  (13)  (naturalized). 

MjrtacesB Brazil  (P). 

CyperacesQ Lapland  (13),  Iceland  (11),  Brocken  (12). 

(mhidacesB New  Guinea  (16^),  Java  (10);  Mauritius  (lli)i 

S.  Mexico  (10). 

Of  Orders  ordinarilj  exceeding  10  per  cent  of  a  flora, — 

GbaminacesB  constituted  18  per  cent  in  Spitzbergen ;  21  in  Melville 
Island ;  27  in  Kerguelen's  Lana.  Compositsa^  18  J  per  cent  in  California 
and  Mexico ;  19  in  the  Malouines ;  21  m  Chili ;  22  at  Quito ;  25  in  the 
S.  of  Buenos  Ayres ;  27  in  Juan  Fernandez. 

^  Orders  with  more  than  30  per  cent  occurred  in  exceptional  localities, 
viz.  CompositsB  (33^)  in  the  elevated  parts  of  Chili,  and  Cyperacee  (33^) 
at  Tristan  d'Acunha. 

Certain  Orders  predominate  in  particular  latitudes,  without 
being  in  their  natiire  characteristic  of  those  latitudes. 

Tjroplcca  Floras. — ^Thus,  while  in  some  regions  of  the  tropical  zone  the 
Palms,  Zingiberaceaa,  Marantaceee,  Melastomace»,  Malpighiacese,  &c.,  are 
reallj  characteristic,  the  predominant  species  of  the  tropical  floras  are  not 
members  of  such  Orders  as  Lauracesa,  Menispermacesd,  Anonaceso,  Bom- 
bacesB,  which  have  their  maximum  in  hot  climates,  but  belong  to  the 
LeguminossB,  GraminaceoB,  and  Composite,  which  exceed  10  per  cent 
generally  in  the  tropics :  the  Orchidacese  and  Cyperacese  follow  next,  then 
EuphorbiacesB,  UrticaceaB,  Melastomacese,  and  Scrophulariaceee ;  of  which, 
Melastomaceae  alone  belong  exclusively  to  hot  regions. 

Other  Orders  occurring  m  many  tropical  floras,  but  forming  less  than 
6  per  cent,  of  the  species,  are : — 

ConvolvulacesB,  Malvaceae,  Piperacese,  Zingiberacese,  and  Marantacess, 
Solanacese,  and  less  commonly  Acanthacess,  AmentacesB,  Apocynaceas, 
Biffnoniaceae,  Boraginaceas,  CapparidacesB,  CucurbitacesB,  Gentianacess, 
LabiatSB,  Lauracesd,  LoranthacesB,  Malpighiaceee,  MyrtacesB,  CJmbelliferse, 
Palmace®,  Passifloracese,  Kosacese,  Kutacee,  Anacardiaceae,  and  Ver- 
benaceae. 

The  Ferns  are  likewise  exceedingly  predominant  in  species  in  the 
islands  of  the  tropics  (16,  21,  26  per  cent). 

T«mperate  Floras. — ^In  northern  temperate  latitudes  (from  the  tropic 
to  60°  N.  lat),  again,  Compositas,  Graminaceas,  Cyperaceas,  and  Legumi- 
noseas  predominate  in  species — the  Cyperaceae  increasing  northward,  the 
Legummosfe  rapidly  decreasing  (Granada  8  per  cent,  Yorkshire  4^  per 
cent).  Next  follow  CrucifersB,  UmbelliferaB,  and  Caryophyllacead ;  then 
Labiatae,  Rosaceae,  and  Scrophulariaceae.  No  other  Orders  exceed  5 
per  cent,  of  the  species,  and  only  attain  this  in  exceptional  localities. 
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In  the  northern  zone  beyond  60°  N.  lat.,  the  species  predomination 
northwards  are  Graminace^B;  Cniciferse,  Saxifragace»,  CairophyUacea', 
Hanunculacese,  Rosacea,  Cyperacese  (5-7  per  cent).  Compositae  foim 
7  per  cent,  in  Melville  Island,  but  only  4-5  per  cent,  in  Snitzber^eD. 
Amentiferse  (Bettdacese,  Salicacefie,  &c)  and  Juncacese  bareJy  reach  o 
per  cent. ;  Polygonacese,  Ericacese,  and  Scrophulaiiaceae  approach  thi^ 
number,  but  are  mostly  below  it. 

In  the  south  temperate  zone  we  find  two  classes  of  re^ons,  one  diy^  the 
other  with  a  damp  climate.  The  former  comprehends  the  Cape  of  Gcxxi 
Hope,  Australia,  Chili,  and  La  Plata.  Gompositse  predominate  at  the 
Cape  and  in  America,  but  in  Australia  fall  to  7  per  cent  LegruminaeKt 
on  the  contrary,  make  but  7  to  12  per  cent  in  America  and  at  the  Cape, 
but  14  per  cent  in  Australia.  The  Grasses  are  not  more  than  3  to  6  per 
cent,  anywhere,  and  the  Cyperaceae  still  fewer. 

The  Cape  and  Australia  have,  however,  certain  especially  abondant 
Grders ;  thus  ProteacesB  form  2  to  C  per  cent,  at  the  Cape,  8-12  per  cent 
in  Australia ;  Myrtaceae  9  per  cent  and  Epacridaceae  4—5  per  cent  ia 
Australia;  Iridaceae  4-6  per  cent,  Liliacese  4-5  per  cent,  and  Ericscf« 
2-6  per  cent  at  the  Cape ;  Stylidiacese  and  Goodeniace»  are  espedallj 
Australian. 

In  the  moist  regrions,  comprising  parts  of  the  African  coast,  TaanaiM, 
New  Zealand,  Island  of  Chiloe,  &c.,  the  Grasses  and  Composite  increase  in 
departing  from  the  tropics ;  Cyperaceae  rise  to  4-6  per  cent ;  Orchid«ce«, 
4^-8^  per  cent. ;  and  Ferns  are  very  numerous  in  the  islands.  Restiaccc 
increase  in  Tasmania,  but  I'roteaceae,  Leguminoseae,  with  Stylidiic^} 
Goodeniacese,  &c.  decrease.  The  proportions  in  the  Southern  extremitj 
of  America  approach  those  of  the  temperate  and  moist  regions  of  the 
northern  hemisphere. 

As  a  general  statement,  it  may  be  said  that  of  the  three  most  fit' 
quently  predominating  Orders,  Leguminosae  are  diminished  in  pTr•po^ 
tion  to  tomperatiure,  the  Compositae  are  lessened  by  combined  cold  and 
humidity,  and  the  Graminaceaa  are  least  predominant  where  the  dinu^ 
is  dry. 

It  must  be  borne  in  mind  that  the  above  calculations  are  approximate 
only,  and  apply  to  species,  or  genera,  or  orders^  and  by  no  means  rep»" 
sent  the  distribution  of  individual  plants. 


CHAPTER  III. 

BOTANICAL  GEOLOGY. 
Sect.  1.  Natitbe  akd  Im pobtai^ce  of  Fossil  Plants. 

Eemains  and  traces  of  plants  are  met  with  in  most  of  the  strsth 
fied  rocks  which  have  been  produced  by  successive  geolp^c*! 
changes  of  the  earth's  surface.  These  remains  afford  an  indict' 
tion,  more  or  less  perfect  in  different  cases,  of  the  nature  of  tbe 
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vegetation  which  has  existed  in  earlier  periods  of  the  world's  his- 
tory. Vegetable  remains  found  imbedded  in  geological  formations 
^re  called  fossil  plants ;  and  the  condition  in  which  these  fossils 
occur  are  exceedingly  varied,  both  as  to  the  nature  of  the  substance 
preserving  the  vegetable  forms,  and  the  degree  of  perfection  of  the 
forms  preserved. 

The  principal  kinds  of  fossils  may  be  classed  as  follows : — 1.  Petrified 
planUy  in  which  the  structures  of  plants  have  been  more  or  less  completely 
impregnated  with  mineral  matter^  hardening  them  into  a  stony  mass. 
They  present  various  modifications,  in  which  more  or  less  of  the  organic 
matter  remains,  completely  impregnated  with  mineral  substances,  or 
where  the  mineralization  is  so  complete  that  the  organic  substance  has 
totallv  disappeared.  The  mineral  substance  of  such  fossils  is  different 
in  diderent  cases.  Silicified  remains  are  the  most  common ;  foss'ils  im- 
precated with  carbonate  or  sulphate  of  lime  abound  in  other  strata, 
whue  fossils  of  dense  or  earthy  ironstone,  argillaceous  ironstone,  and, 
lastly,  iron-pyrites  are  frequent  m  particular  rocks ;  impregnations  with 
rock-«alt,  oxide  of  copper,  alumina,  &c.  are  rarer. 

2.  Coalf  where  the  vegetable  substance  is  more  or  less  completely  con- 
verted into  a  solid,  black,  combustible  carbonaceous  substance,  of  stone- 
like aspect.  This  occurs  in  almost  eyery  possible  modification,  in  masses 
or  in  the  form  of  isolated  plants  or  organs  of  plants,  from  the  solid  stony 
anthracite  to  the  brawn  coal  or  lignite ^  which  preserves  the  organic  texture 
and  is  recognizable  at  first  sight  as  vegetaole  matter.  Coal-beds  are 
formed  through  the  accumulation  of  vast  masses  of  vegetation,  and  their 
conversion  through  pressure  and  chemical  changes  into  solid  masses ;  but 
leaves,  stems,  or  parts  of  stems,  such  as  layers  of  bark,  fruits,  &c.,  con- 
verted into  coal,  are  found  isolated  ui  strata  of  various  composition. 
With  these  last  are  intimately  connected  the  numerous  fossils  which  are 
true  petrifactions,  but  have  the  oiganic  matter  preserved  in  the  mineral 
substance  in  the  condition  of  coa],  giving  a  coal-like  aspect  to  the  fossil. 

3.  Impre^ons  or  natural  casts  oi  plants  or  organs  of  plants,  which  have 
been  formed  by  the  vegetable  objects  being  incrusted  by,  or  imbedded  in, 
mineral  substance  and  decaying  subsequently  to  the  solidification  of  the 
enclosing  substance;  the  cavity  left  oy  the  decayed  vegetable  may  be 
tilled  up  by  the  same  or  a  difierent  mineral  substance ;  and  casts  of  the 
internal  parts  of  stems  &c.  are  met  with,  from  the  penetration  of  the 
mineral  matter  into  cavities  formed  by  the  quicker  aecay  of  succulent 
structures,  such  as  pith. 

4  Objects  contained  in  Amber,  the  fossil  resin  of  a  Pine,  which  has 
accidentally  enclosed  various  vegetable  and  animal  bodies  which  it  flowed 
over  while  li<}uid.  The  objects  are  sometimes  thoroughly  impregnated 
with  amber,  like  microscopic  objects  enclosed  in  Canacla  balsam,  these 
having  been  enclosed  in  a  aead  or  dry  condition  ;  in  other  cases,  where 
fresh  organs  have  been  enclosed,  hollow  casts  only  are  foimd,  the  enclosed 
matter  having  been  more  or  less  decomposed. 

The  study  of  vegetable  fossils  is  far  less  satisfactory  than  that  of  animal 
remains,  since,  in  tne  great  majority  of  cases,  the  structures  most  dis- 
tinctive of  the  subordinate  groups  of  plants  are  formed  of  very  perishable 
matter.  Qenera,  and  even  species,  of  animals  may  be  recognizea  by  bones 
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and  shells,  which  are  of  a  very  persistent  nature,  and  are  found  abundantlT 
in  stratified  rocks.  The  preservation  of  fossils  can  only  haye  oceoired 
through  the  agency  of  water,  impregnated  with  mineralizing  matter,  or 
loaded  with  mud  which  enclosed  the  remains :  the  vegetable  Bodies  which 
can  resist  the  long-continued  action  of  water  are  few ;  and  these  mostly 
afford  only  characters  of  large  sections  of  the  vegetable  kingdom,  without 
furnishing  generic,  far  less  specific  distinctiouH.  Added  to  the  f ra^eotaiy 
character  of  the  fossils  known,  those  kinds  hitherto  found  possibly  only 
represent  partially  prevailing  forms  of  vegetation. 

Attempts,  however,  have  been  made,  by  combining  the  conclusions  of 
stratigraphical  geology  and  animal  palaeontology  with  those  of  vegetable 
palseontology,  to  form  conceptions  of  the  character  of  the  vegetation  of 
succeeding  geological  periods.  The  ideas  obtained  in  this  way,  however, 
are  very  superficial  and  exceedingly  speculative.  Still  there  is  much  that 
is  promising  in  the  investigations ;  and  the  general  tendency  of  all  the 
facts  hitherto  coUected  is  to  indicate  that  tnere  has  been  a  graduallv 
increasing  complexity  of  organization  in  the  plants  successively  created, 
that  the  plants  of  the  earliest  epochs  belong  to  the  lower  Classes,  and  that 
the  higher  Phanerogams  appeared  only  in  the  later  formations — ^in  the  last 
of  these  probably  in  smaller  proportion  than  in  existing  vegetation.  In 
the  earliest  formations  (Cambrian,  Silurian,  &c.)  the  few  vegetable 
remains  are  those  of  Algie,  Fucoids,  &c.  In  the  Devonian  and  Carboni- 
ferous periods  vascular  Crvptogams,  Ferns,  Lycopods,  Equiseta  prevailed. 
In  the  Triaesic  and  Oolitic  periods  Gymnospermous  plants  formed  a 
marked  feature,  such  as  Conifers,  Cycads,  &c.,  with  Tree-ferns  and  traces 
of  Monocotyledonous  plants.  With  the  Cretaceous  period  appear  Angio- 
spermous  plants,  beginning  with  a  preponderance  of  Incompletes,  and 

Easeing  through  Dialypetalas  to  the  more  recent  formations,  when 
famopetalous  plants  prevail.  But  in  all  cases,  though  there  is  evidence 
of  pf  ogress,  there  is  an  overlapping  of  the  characteristics  of  one  period  by 
those  of  another. 

One  important  point,  however,  must  not  be  overlooked  in  inquiries 
relating  to  this  subject ;  that  is,  the  probability  of  the  coexistence  of 
diversified  heal  floras,  as  at  the  present  day,  the  remains  of  which 
mi^ht,  from  purely  systematic  consiaerations,  be  regarded  as  of  diffeient 
antiquity. 

In  illustration  of  this,  it  may  be  observed  that  the  remains  found  in  the 
European  formations  belonging  to  the  epoch  immediately  preceding  the 
nresent  ofiTer  a  general  resemblance  to  tne  prevailing  forms  of  existing 
North-American  vegetation. 

Sect  2.  FoBsiL  Plaints  chabactxsiziko  pabticulab 

Geological  Fobmations. 

1.  Flora  of  the  Falceozoic  Strata. 

Lower  and  Middle  Palaosolc,  or  Tnuuitioii  FeHod. — Comparatively 
few  plants  are  known  in  these  strata,  and  a  considerable  amount  of  un- 
certamty  exists  in  reference  to  the  determination  of  the  foedla.  What 
remnants  remain  in  the  Cambrian,  Silurian,  and  Lower  Devonian  8eri« 
are  apparently  those  of  marine  Algae.  In  the  more  recent  d«*posit8  of  this 
age  Ferns,  including  some  allied  to  HymenopkyUum  and  TVtcAamoiwf, 
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Calamites,  Asteroplijllites,  and  Conifen  are  found.  PaUophytum  extends 
in  America  through  Upper  Silurian  and  Devonian  formations.  It  is  a 
plant  probably  Cryptogamous,  but  not  referable  to  any  existing  form,  but 
presenting  resemblances  to  KhizocarpesB  and  Lycopodiaceae.  O/clostifftna 
IS  more  distinctly  Lycopodiaceous,  as  also  LycopodUeB.  Conifers  are 
repreeented  by  Prototaxitea^  described  as  presenting  indications  of  Coni- 
ferous structure  in  a  simpler  condition  than  now  existing.  In  the  Upper 
Silurian  traces  of  Lycopods  occur. 

Upper  FalflBOBoic,  or  CartMnifiBroiui  System. — The  known  floras  of  this 
system,  remarkable  for  the  presence  of  the  great  Coal-beds  of  Europe, 
afford  a  Tery  large  number  of  species,  in  which  there  is  a  continued  great 
pedominance  of  the  Leafy  Ciyptogamia  (Ferns,  Lycopods,  Equiseta,  &c), 
m  many  respects  of  higher  organization  than  those  now  existing. 

The  principal  characteristics  revealed  here  are  the  absence  of  Dicotyle- 
dons, the  paucity  of  Monocotyledons,  the  predominance  of  the  Ferns  and 
allied  Classes,  and  of  certain  plants  of  organization  not  met  with  in  ex- 
isting v^etation,  referred  by  some  authors  to  the  Class  of  Gymnosperms, 
by  others,  and  probably  more  correctiy,  to  the  vicinity  of  Lycopoaiaceae, 
&c  Conifers  and  Cycieds  be^  to  appear,  with  Stigmarias,  SigiUarias, 
ZepidodendroHf  &c.  The  general  character  of  this  flora  is  very  monoto- 
nous, and  alike  in  character  from  the  poles  to  the  equator. 

About  150  species  of  Ferns  have  been  found  in  the  British  Coal- 
formation.  Lt^dodendron  has  the  habit  and  spores  of  Lycopodtunu 
Ltpidostrolnu  is  the  fruit-spike  of  Lepidodendron^  having  the  structure 
of  existing  Lycopodium.  Calamites  seem  to  have  been  gigantic  Equiseta. 
AsterophpUitss,  ArmuUiria,  Sphenophyllum  are  possibly  forms  of  Calami tes. 
Stigmana  is  the  root  of  SigUlariaj  a  plant  of  doubtful  affinity,  referred  by 
Carruthers  to  LycopodiacesB,  by  others  to  Gymnopperms.  The  Conifers 
are  represented  by  jDadoxylon,  allied  to  Araacariaf  Stemhergia^  Trigono^ 
carpum,  &c.  Sternbergia  is  supposed  to  have  been  the  pith  of  Dadoxylon, 
AnthalUes  has  much  the  general  appearance  of  an  Orobcmcke, 

Pemiian  System. — The  fossils  of  the  Magnesian  Limestone  afford  only 
fragmentary  representatives  of  the  Carboniferous  flora,  most  of  the  cha- 
racteristic genera  having  disappeared.  The  Orders  are  much  the  same, 
but  lees  numerously  represented  by  species.  Silicified  Coniferous  wood, 
Walchia,  Ferns,  Ctdamites,  Lepidodendronj  and  AlgSB  are  found,  and  also 
evidence  of  the  existence  of  Palms.  Nceggerathia  has  the  venation  of 
SaUsburia, 

2.  Flora  of  the  Mesozoic,  or  Secondary  Strata, 

THasslo,  or  New  Red  System. — In  the  '*  Variegated  Sandstone  ^  strata 
of  this  formation,  comparatively  few  species  have  yet  been  observed. 
The  Carboniferous  species  have  disappeared;  Ferns  stiU  predominate  and 
exhibit  peculiar  forms;  Conifers  (Pokzia,  Haidingerd)  are  abundant; 
CycadesB  rare,  and  a  few  doubtful  Monocotyledons  (  Yttccites,  PdUeoxyris) 
occur.  In  the  ''Keuper"  Sandstones,  with  a  general  analogy  in  the 
proportion  of  Orders^  except  that  Conifer®  are  rare  and  C^cadaceie  abun- 
dant, the  genera  of  Ferns  and  allied  Orders  are  mostiy  distinct  from  those 
of  the  Vosgesian,  or  '*  Variegated  "  Sandstones. 

Lla«lo  System. — ^The  essential  characters  of  this  epoch  are  the  great 
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predominance  of  Cycade®  (Zamites),  which  here  appear  in  several  new 
genera,  and  the  existence  of  Ferns  with  more  hi^ly  oi]^;anized  foliage 
than  that  of  the  ^nera  of  older  formations.  Algve,  Fungi,  Ldcheoa,  Ly- 
copods,  and  Conifers  also  existed  at  this  period,  but  no  AngiospennouB 
Dicotyledons  have  yet  been  discovered. 

OoUtlc  System. — ^The  nature  of  the  strata  referable  here  is  veiydiveise ; 
the  general  character  of  the  fossil  vegetation  consists  in  abundance  of 
Ferns  proper,  Equiseta,  and  of  Cycaaesd,  especially  of  those  gesera 
(Zamites  and  Otazanntes)  approaching  nearest  to  existing  forms,  and  the 
greater  frequency  of  the  Conifene,  BraehyphyUum  and  Thuytet^  than  in 
the  Lias.  Cones  of  Araucarias  have  been  found,  as  well  as  endogenous 
plants  allied  to  Pandanus  and  Arum,  Alg»,  Marsileas,  Lycopoda  are  also 
found.  There  are  a  large  number  of  known  species.  Ilie  dirt-beds  of 
Portland  are  layers  of  soil  with  remains  of  Cycadaceous  trees  in  an  erect 
position.  Some  of  these  are  distorted  by  pressure  into  the  shape  of  birds' 
nests. 

Wealden  System. — This  formation,  remarkable  as  a  freah water  prodocty 
has  afforded  comparatively  few  species  of  plants^  mostly  congeneric,  al- 
though specifically  distinct  from  those  of  the  Lias ;  but  the  proportion  of 
the  Cycadacese  to  the  Ferns  is  smaller.  Equisetum  and  Chora  (the  latter 
by  its  fruits)  are  represented.    Dicotyledons  have  not  been  discovered. 

CretaceoQB  System. — In  this  formation  we  are  at  once  struck  with  the 
diminution  of  Ferns,  Equisetacesd,  and  allied  forms,  the  reduction  of  the 
species  of  G  vmnosperms,  and  the  appearance  of  An^ospermous  Phan^o- 
gamia,  chieny  dicotyledonous  {BettUOf  Myriea,  Sahx,  &c.),  though  traces 
of  Palms  and  Grasses  have  been  met  with.  The  Cycadacete  are  still 
numerous ;  but  they  and  the  Conifersd  do  not  more  than  equal  the  Dico- 
tyledons. The  genus  Crednaria,  supposed  to  belong  to  the  last  daas,  is 
very  characteristic  of  the  Chalk  formation.  The  Fenis  and  Equisetaoeas 
almost  disappear. 

The  fossil  plants  of  the  Upper  Cretaceous  system,  the  equivalent  of 
the  Upper  Chalk  of  this  country,  show  a  terrestrial  flora  in  which  aJl 
the  great  subdivisions  of  the  vegetable  kingdom  are  represented.  Dr. 
Debey  estimates  the  number  of  species  at  Aix  at  about  200,  of  which 
67  are  Cryptogams.  GMchenia,  Lyffodwm,  and  Asplemum  among  Ferns 
have  been  identified  aa  generically  identical  with  the  plants  now  so  named. 
Among  Conifers,  CycadopteriB  closely  resembles  Seouoia ;  Araueanasslao 
are  found,  but  few  Cycads.  Pandanads  existed,  ana,  among  Dicotyledons, 
Figs,  Oaks,  Walnuts,  Myrtles,  and  numerous  Proteads,  the  structure  of 
the  leaves  of  the  latter  being  so  perfectly  preserved  that  even  the  stomata 
may  be  seen.  Attempts  have  been  made  even  to  correlate  the  genera  with 
existing  types  of  Proteads ;  but  this  is  a  very  hazardous  procedure,  seeing 
how  variable  the  leaves  of  Proteaceas  are.  Still  the  general  indications 
point  to  a  vegetation  like  that  of  Australia. 

3.  Floras  of  the  Tertiary  System. 

The  floras  of  this  system  form  a  mpre  or  less  connected  whole, 
which  is  continued  in  the  later  strata  into  existing  vegetation. 
They  are  especially  distinguished  from  those  of  olcter  epochs  by 
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the  abundance  of  Angiospermous  Phanerogams,  Dicotyledons,  and 
Monocotyledons — above  all,  PalmaceaB.  But  a  sort  of  transition 
takes  place  from  the  Cretaceous  period  to  the  Eocene.  In  this 
system,  however,  the  proportion  of  Gymnosperms  rapidly  de- 
creases, and  the  Cycadacese  disappear  from  Europe,  while  the 
Conifers  approach  the  character  of  the  existing  genera  of  temperate 
regions. 


Flora. — ^The  distinctive  characteristics,  as  compared  with  other 
epochs,  are  the  presence,  though  rare,  of  Palraacesd,  Ntpadites,  the  com- 
parative abundance  of  Algse  and  marine  Monocotyledons  (Catdinites, 
Zosterites,  &c.),  and  the  existence  in  Europe  of  numerous  now  exotic 
forms,  such  as  Olexchenia  among  Ferns,  especially  represented  by  the 
foflsil  fruits  of  the  Isle  of  Sheppcy,  the  Barton  Bed  in  tne  Isle  of  Wight, 
&C.  Though  less  rich  than  the  Miocene,  these  formations  include  a  large 
number  of  species  of  an  Australian  or  Indian  type,  such  as  Lauracete, 
AraUa,  Anona,  Ficus,  various  Proteaceas,  Petrophilay  Is^fpoffon,  Temperate 
species,  such  as  are  found  in  the  Miocene,  are  wanting. 

mocene  Flora. — A  very  rich  flora.  No  less  than  900  species 
have  been  detected  in  one  locality  in  Switzerland  by  Heer.  The 
Aastralo-Indian  forms  give  place  to  plants  of  an  American  type, 
resembling  the  existing  vegetation  of  the  United  States,  Mexico, 
and  Japan.  One  of  the  most  striking  features  is  the  abundance  of 
Palmacese,  Sabdl,  together  with  Gamopetalous  Dicotyledons,  espe- 
daUy  a  supposed  Bubiaceous  genus,  Steinhauria.  The  list  of  fossils 
contains  also  a  Bambusa,  Lauraoese,  CombretacesB,  Leguminosse, 
Apocynaceffi,  VUis,  belonging  to  warm  climates,  with  many  Amen- 
taceous trees,  Populus  mutabilis^  Carpinua,  AceracesB,  Proteaceae, 
Nymphseaceffi,  and  other  plants  now  belonging  to  temperate 
regions.  Numerous  vegetable  remains  occur  in  beds  of  this  forma- 
tion at  Bovey  Tracey,  Devonshire,  and  in  the  Isle  of  Wight.  At 
Bovey  Tracey  one  bed  is  described  as  a  perfect  mat  of  the  debris  of 
a  Sequoia  intermediate  between  the  existing  Eed-wood,  S.  semper-- 
virens^  and  S.  gigantea  (  Wellingtonia)  of  California.  At  (Eningen, 
on  the  Bhine,  are  beds  of  this  formation  containing  numerous 
insects  and  plants,  the  latter  being  of  special  interest  m  this  case, 
because  the  leaves  are  so  often  associated  with  fruits,  rendering 
the  identification  so  much  more  trustworthy.  Numerous  Maples 
with  foliage  and  samarsd  have  been  found.  Planes  also  are  found 
with  leaves  and  fruit,  and  with  the  bark  peeling  ofE,  as  in  existing 
species. 

The  flora  of  the  Miocene  period,  as  a  whole,  is  of  a  subtropical  and 
temperate  character,  and  presents  many  American  forms,  such  as  Liquid 
danwarj  Sequoia,  &c.  In  the  Arctic  regions,  Greenland,  &c.,  Miocene 
beds  occur,  very  rich  in  vegetable  remains,  many  of  which  are  pronounced 
identical  with  those  of  the  Miocene  beds  of  dentral  Europe.  In  these 
now  inhospitable  regions  once  giew  at  least  ten  species  of  Conilers,  in- 
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eluding  Sequoias,  Taxodium  dittichum,  Abies  ejceeUoy  Common  ^rnce, 
Salisbuiias,  Oaks,  Planes,  Poplars,  Elms,  Birch,  Maples,  Walnuts,  Magno- 
lias, Andromeda,  Fibumum,  Zatm'a,  Vines,  Ivies,  Ferns,  and  many  otners, 
more  or  less  correctly  refeired  to  existing  generic  types,  but,  in  any  case, 
affording  evidence  of  a  subtropical  or  warm  temperate  climate.  It  is 
conceivable,  then,  that  the  plants  of  the  Miocene  epoch,  so  many  of 
which  are  of  American  types,  started  from  Greenland  and  were  disper^ 
throughout  Europe,  Asia,  and  America.  Unger  and  Heer  supposed  that 
the  plants  might  nave  migrated  from  America  to  Europe  by  way  of  a  now 
sunken  continent,  the  Atlantis  of  Plato,  the  position  of  which  is  marked 
by  the  accumulations  of  Sargasso  Weed.  The  presence  of  American 
genera,  Cleihra  &c.  in  Madeira,  has  already  been  aUuded  to  with  re- 
ference to  this  view.  Asa  Gray  and  Oliver,  however,  consider  that  tbe 
existing  evidence  is  more  favourable  to  a  migration  from  America  througli 
Asia  to  Europe  t 

Flaiocene  Flora. — ^The  Dicotyledons  predominate,  and  are  most  varied, 
as  in  existing  vegetation;  the  Monocotyledons  are  rare;  and  the  Pal- 
maceSB  of  the  preceding  epochs  are  wanting.  The  general  analogy  of  the 
flora  is  with  those  of  the  temperate  and  warmer  regions  of  Europe,  North 
America,  and  Japan  at  the  present  daj.  According  to  the  determinatioDS 
made  by  palieontologists,  many  existing  genera  are  represented,  such  as 
GfyptoBtrohus,  Taxoanun,  Salisbuna,  Cvperaceae,  Camptoma,  Thymelaces, 
Santalacese,  Lauracese,  Liqitidambar,  A^saa,  Itobima,  GlediUchia,  Bmihima, 
Gama,  Acacia^  Hhus,  Jufflafu,  Ceanoihus,  CsUutrus,  Sapindus,  Ziriotkn- 
dron,  Cappari*,  SideroxyUm,  Achras,  Sympfocos,  Comaceie,  Myrtaoese, 
Pomaceae,  TiliacesD,  MagnoliaceaB,  &c  This  list  includes  especially 
modem  North-American  genera,  which  existed  at  that  time  in  Europe. 
Quercus,  AceTj  &c.  appeared  then  as  now. 

Pleiatooene  Deposits.— The  glacial  drift  and  the  diluvial  deposits  be- 
longing to  this  group  afford  hardly  any  recognizable  vegetable  remains, 
beyond  fragments  of  fossil  wood  of  Conifene,  met  with  occasionally  in 
connexion  with  the  bones  of  extinct  Mammalia  and  in  a  few  Lignite 
beds. 

The  flora  of  the  Glacial  period  still  exists  in  Alpine  districts. 

4.  Floras  of  Early  Formatums  of  the  present  Oeologiedl  Period, 

The  formations  referable  to  this  group  consist  chiefly  of  freshwater 
calcareous  deposits  (tufa),  the  older  peat-bogs,  and  forests  now  buried  or 
submerged  beneath  the  sea. 

The  remains  existing  in  calcareous  tufa  have  not  yet  been  well  inves- 
tigated, partly  because  the  beds  are  not  greatly  developed  in  most 
countries,  and  partly  because  thejr  usually  contain  only  casts  of  vege- 
table structure,  produced  through  mcrustation.  As  far  as  we  know,  the 
plants  are  similar  to  those  of  the  existing  floras  of  the  regions,  with  a 
lew  exceptions. 

The  old  peat-bogs,  especially  of  Northern  Eurone,  often  contain  vast 
quantities  of  recognizaWe  vegetable  remains,  belonging  to  species  no 
longer  growing  in  the  same  spots,  but  found  further  south,  as  remains  of 
CoryluB,  Finns  picea,  &c.  in  the  Shetland  Islands,  of  Oaks,  Mnples^  limes, 
Ash,  &c.  in  Sweden^  beyond  the  present  limits  of  those  plants. 
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Remfdns  of  forests  formed  of  still  ezistiiig  species  occur  in  many  parts 
of  Europe,  enclosed  in  diluvial  beds.  The  city  of  Breslau  stands  on 
the  site  of  an  ancient  forest,  whence  the  trunks  of  Querctis  pedunculata 
are  dug  out;  the  same  is  the  case  with  the  city  of  Bamberg,  where  the 
trunks  of  trees  of  ^reat  diameter  have  been  found  in  excavations  for 
railways,  &c.  Similar  trunks  of  Oak  are  occasionally  dug  out  of  the 
diluvial  beds  in  England,  as  in  the  upper  part  of  the  valley  of  the  Med- 
way. 

Submarine  forests  are  known  to  exist  off  many  points  of  the  British 
coast  and  the  west  coast  of  France ;  wood  obtained  &om  a  large  sub- 
merged bed  off  the  coast  of  Pembrokeshire  is  found  to  consist  of  Oak 
and  Alder,  and  of  Pinus  st/lvestris:  the  Oak,  Elm,  Hazel,  Walnut,  &c. 
are  found  in  the  British  Channel.  In  the  La^enlwellinffs  of  Switzerland 
seeds  of  Cereals,  Apples,  Nuts,  &c.,  and  Linseed  have  been  found,  indi- 
cating not  only  the  existence  of  these  plants,  but  also,  as  in  the  case  of 
Cereals,  of  cultivation. 

These  facts,  together  with  the  analogoas  but  more  complete  evi- 
dence derived  from  animal  remains,  show  a  gradual  transition  from 
the  Tertiary  to  the  present  geological  epoch. 

As  to  the  wider  question  of  the  descent  of  existing  species  from 
their  fossil  representatives,  or  from  preexisting  forms  now  extinct, 
such  filiation  can  hardly  be  doubted  in  many  cases,  although  the 
exact  line  of  descent  is  often  not  traceable.  On  the  other  hand, 
many  of  the  earlier  types  of  vegetation  were  of  their  kind  more 
highly  organized  than  their  existing  representatives ;  hence  it  is  a 
question  whether  the  latter  are  really  degenerate  descendants  from 
their  progenitors,  or  whether  the  more  highly  endowed  Lycopods 
and  Equiseta,  for  instance,  have  not  died  out  and  become  extinct. 
Thallophvtes  seem  to  have  existed  in  all  ages  much  as  we  see  them 
now.  Vascular  Cryptogams  and  Conifers  early  came  into  exist- 
ence, and  were,  as  we  have  seen,  highly  organized.  Traces  of 
Angiospermous  Dicotyledons  are  not  visible  till  a  much  more  recent, 
but  still  inconceivably  remote  period ;  while  from  the  time  of  the 
Eocene  and  Miocene  periods  , there  is  a  gradual  increase  in  the 
number  of  forms,  such  as  are  now  found  in  various  parts  of  the 
globe. 

It  is  clear,  then,  on  the  whole,  that  there  has  been  a  succession 
of  vegetable  types,  and  a  gradual  nrogression  in  morphological 
complexity,  but  that  such  succession  has  been  interrupted  and  not 
continuous  in  any  one  locality,  that  many  links  have  been  utterly 
lost,  and  many  forms  become  extinct,  so  that  the  attempts  made  to 
create  a  "  phylogeny "  or  genealogical  history  of  the  Vegetable 
Kingdom  on  so  imperfect  a  basis  as  is  now  available  must  be 
accepted  with  great  reserve. 
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Abele,S4e, 
Abies,  Toumef.  368. 
Abletine^,  368. 
Abroma,  Jacq.  223. 
Abrufl,  L,  253. 
Absinthe,  202. 
Acacia,  Wilid,  264. 
Acalypha,  L.  3.*i8. 

ACANTHACEJE,  322. 

Acanthera,  316. 
Acanthodium,  Del,  322. 
Acanthus,  L,  322. 
Acer,  L,  231. 

ACERACE-^,  231. 
Achillea,  Neck.  292. 
Achimenes,  P.  Br.  324. 

ACHLAMYDE^,  329. 

Achlya,  Xees,  462. 
Achraa,  302. 
Achyranthes,  L.  330. 
Aconitum,  Tuurnef.  190. 
Acorns,  L.  390. 

ACRAMPHIBRYA,  180. 
ACROBRYA,  186. 

Acrochisma,  Ilook.JU, 
432. 

ACROOENS,  187. 

Acrosticbum,  L.  419. 
Actffia,  L.  190. 
ActinocarpuB,  -fi.  Br, 
389. 
*"  Adanflonia,  X.  221.^ 
Adenanthera,  L.  251. 
Adhatoda,  Nees^  322. 
Adiantum,  Z.  419. 
Adonis,  DC.  190. 


Adoxa,  L.  282. 
yEchmea,  R.  ^  P.  381. 
-^cidium,  Omel.  4(>0. 

iEoiCERACEiB,  301. 

-^giceras,  i.  301. 
yKgiphila,  321. 
yEgle,  Corr.  236. 
^schjnautbus,  c7acA» 

324. 
yE:?ciilus,  L.  230. 
-^thalium,  471. 
yEthusa,  L.  280. 
African  ITefnp,  380. 
African  Teak,  340. 
Agaricini,  403. 
Agaricus,  X.  402. 
Agathophyllum,  Juss, 

333. 
Agathotes,  Don.  308. 
Agrave,  X.  378. 
AgTostis,  X.  404. 
Ailantbus,  Desf.  242. 
Aizoon,  X.  269. 
Ajuga,  X.  320. 
Alangiacks,  263. 
Alangium,  X.  203. 
Alaria,  Grev.  461. 
Alchemilla,  Toumef, 

257 
^Wcr,'  346. 

Aldrovanda,  Mmtti,  216. 
Aletris,  X.  380. 
Aleurites,  Forst,  339. 
Alexanders,  282. 
Alf  onsia,  Kunth,  392. 
Algjb,  414,  436. 


Alffaroba,  264. 
Alhagi,  253. 
Alidma,  t^M««.  389. 
Alismace^,  388. 
Alkanet,  318. 
AUamanda,  X.  308. 
Allium,  X.  386. 
Allosorus,  Bemh,  419. 
Allspice,  200. 
Alfno7id,  258. 
Alnufl,  X.  345. 
Aloe,  Toumef.  386. 
-4/oe«,  380. 
Aloes-tpoodf  254,  330. 
Aloexylum,  254. 
Alona,  XiW/.  317. 
Alopecurus,  X.  404. 
Alo^vsia,  321. 
Alpiuia,  X.  376. 
Al8ine,  Wahienb.  219. 
Alsinejb,  219. 
Alsodeia,  Thouars,  210. 
Alsophila,  72.  ^r.  419. 
ALstonia,  X.  309. 
Alstroemeria,  X.  378. 
Alstrosmerif.^,  378. 
Althaea,  X.  221. 
Altingie^,  278. 
Alunp-root,  238. 
Alyssum,  X.  211. 
Alyxia,  309. 
Amarantacfjb,  330. 
Amarantus,  X.  330. 
Amarauchfete,  471. 
Amarylleje,  378. 
Amaryllidack«,  378. 
2z2 
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AmaryUids,  378. 
Amaryllis,  L.  378. 
Ambrosinia,  i.  398, 
American  Aloe,  379. 
Ammannia,  Houet.  266. 
Ammi,  Toumef.  282. 
Ammoniacum,  282. 
Amomum,  Z.  375. 
AmorphophalluS; 

^/wm*,  397. 
Ampelopis,  Rich,  244. 
Amphibkya,  186. 
Amyodalejb,  257. 
Amygdalus,  258. 

AMYRIDACKiE,  MB  Bur- 

seraceae. 
Amyris,  Z.  248. 
Anacardiace-«,  246. 
Anacbaris,  Bah,  382. 
Anagallis,  Toumef.  300. 
Anagyris,  Z.  253. 
Anamirta,  Cofei.  201. 
Ananasaa,  LituU.  381. 
Anandria,  Siegesb.  293, 
Ancbusa,  Z.  318. 
Ancistrocladus,  Wall, 
225. 

Andira,  253. 

Andreea,  Ehr,  432. 

Andrjeace^)  431. 

Andrograpbis,  Wall» 
322. 

Andromeda,  Z.  290. 

Andropogon,  Z.  403. 

Androsace,  TWm.  301. 

Anemone,  Holler,  196. 

ANEMONBiB,  196. 

Anetbum,  Z.  282. 

Angelica,  Hoffm.  280. 

Angelica,  282. 

Angiopteri8,J9ro^m.420. 

Anqiospebmia,  193. 

Angostura  hark,  241. 

Angrsecum,    TA^^uora. 
374. 

^ntf7i«,  254. 

Anige,  282. 

.^nna^,  214 

Anomocbloa,  405. 

Anona,  Z.  200. 

Anonaceje,  200. 

AntbemiB,  DC.  292. 


Antbericum,  Z.  386. 
Anthistiria,  Z.  406. 
Anthocercis,Z<iit2/.  316. 
Anthocehote^,  435. 
Antboxantbum,  Z.  404. 
Antbriscus,  Z.  279. 
Antburium,  Schott.  397. 
Antiaris,  Lesch,  343. 
Antidesma,  Z.  343. 
Antirrbinum,  Z.  326. 
Apeiba,  Z.  224. 
Apetaue,  328. 
Apbanomycee,  456. 
Apbelexis,  Dor,  294. 
Apbyllantbcs,  386. 
Apiace^,  278. 
Apium,  Hoffm,  282. 
Aplectrum,  NuU.  874. 
APLOSPOREiE,  448. 

Apocynacke,  308. 
Apocynum,  Toumef, 

Aponogeton,  Thtmb, 

389. 
Apostasiacejb,  374. 
Apple,  258. 
Apricot,  258. 
Aquifoliace^,  303. 
Aquilaria,  Lam.  336. 
Aquilariace^,  336. 
AquUegia,  Tournef,  196. 
Arabis,  Z.  211. 
Araceje,  396. 
Aracbis,  Z.  253. 
Aralia,  Z.  282. 
Araliack£|  282. 
Araucaria,  Jttss,  358. 
Arbor-vUte,  361. 
.4r6re  rfu  Vogagettr, S7S, 
Arbutus,  Toumef.  296. 
Arcbangelica,  Hoffm, 

282. 
ArchispermS;  867. 
Arctium,  Zam.  293. 
Arctostapbylos,  Adans» 

297. 
Areca,  Z.  891. 
Arenaria,  Z.  219. 
Argania,  jScA.  302. 
Argemone^  Totatuf, 

207. 
Argyropbyllum,  287. 


Aristolocbia,  Toumef, 
356. 

ArI8T0L0CHIACIL«, 

356. 
Armeria,  WM.  299. 
Armoracia.  212. 
Arnica,  Z.  292. 
AroidejE,  395. 
Aromodendron,  199. 
Arracacha,  282. 
Arj'ouyroot,  376. 
-^rrottVfwf,  Pbriland 

397. 
Arrudea,  5?.-Zri7. 227. 
Artantbe,  Afft7.348. 
Artemisia,  Z.  292. 
Artichoke,  293. 

ARTOCARPACEiE,  312. 

Artocarpu8,  Z.  342. 
Arum,  i.  396. 
Arundo,  Z.  405. 
Asafcetida,  282. 
Asagraea,  Ztin<2?.  387. 
Asarum,  Toumef.^. 

ASCLEPIADACF^,  .W. 

Asclepios,  Z.  310. 
AscoDolus,  Pen.  465. 
^«A,  305. 
Asparagus,  Z.  385. 
Asparagus,  386. 
Aspergillus,  3ftcA.  467. 
Aspidistra,  Ker.  385. 
Aspidium,  Swartz,  419. 
Asnidosperma,  if.  ^  Z. 

Asplenium,  Z.  419. 
^««im  7>a,  227. 
Astelia,  Banks,  399. 
Aster,  iVflc8,2i)l. 
Asterantbos,  De^.  261. 
Astilbe,  ZTam.  266. 
Astragalus,  Z.  2o0,25a. 
Astrantia,  Toumef.  279. 
Astrocarpus,  A>(i.  21i 
Astrocaryum ,  Mey.  394. 
Astpoloma,  B.  Br.  298. 
Ataccia,  A  Br.  3(9. 
Atelantbera,  JSboA.  /. 
212. 

ATHKROSPRBUACLiE, 
884. 

Atriplex,  Z.  331. 
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Atropa,  X.  316. 

ATROPACBiB,  315. 

Attalea,  H,  B.  K.  391. 
^ttw' of  MoseSf  21j6, 
j^ubergfine,  317. 
Aucklandiay  293. 
Aucuba,  Thunb.  283. 

AURANTIACXLSy  236, 

241. 
Auricula,  301. 
AuUralian  Tea,  241. 
Australian  Currants ^ 

287. 
Atdunm  CrocuSf  387. 
Ata,  348. 
Avena,  L,  404. 
Averrhoa,  X.  237. 
AAicennia,  X.  321. 
^t'ocado  P<»«r,  333. 
Azalea,  X.  297. 

Bacillus,  472. 
Bacteria,  471. 
BsBckia,  X.  259. 
Bael fruit,  236. 
2^q/ree,  406. 
BtiSanophora,  Forst, 

363. 
Balanophobace^, 

363. 
BaUota,  X.  320. 
Balm,  321. 
i^o/m  of  Qilead,  248. 
^fl/m  of  Mecca,  248. 
BeUsam  of  Copaiba,  264. 
Balsarn^f-Gilead  Fir, 

360. 
Balsam  of  Peru,  264. 
J?aZ$am  o/  To/ii,  264. 
Balsaminacks,  238. 
BalsamodeDcLron, 

Kunth,  248. 
Bamboo,  405. 
Bambuaa,  X.  404. 
Banana,  377. 
Banisteria,  X.  233. 
Bankisia,  L-JU,  336. 
i;ao6a6,  222. 
Baphia,  264. 
Baptisia,  263. 
Barbacenia,  VandeUi, 

380. 


Barbadoes  Cherry,  233. 
Barbadoes  Gooseberry, 

Barclava,  Wall.  204. 
Bark,  "jemits',  287. 
^arA;,  Winter's,  109. 
Barleria,  X.  322. 
Barley,  406. 
Barosma,  fTtarf.  241. 
Barrin  qtoniace^, 

261. 
Bartonia,  Sims,  276. 
Bai'tramia^  Hedw, 

432. 
Bar-ioood,  254. 
BaseDa,  X.  332. 
Basellace^,  332. 
Basidiomycetes, 

461. 
Basil,  321. 
Baseia,  Kim.  302. 
^08^,  224. 
Batarrhea,  464. 
Batis,  P,  Br.  341. 
Bauhinia,  Hum.  264. 
Bay-tree,  333. 
BdeUium,  248. 
Bean-capers,  240. 
JBcaw«,  252. 
Beaume  d,  cochon,  248. 
Beech,  361. 
Beef -wood  trees,  347. 
Xfce^,  331. 

Befaria,  Jiw^w.  297. 
Begonia,  X.  274. 
Begoniaceje,  274. 
Belladonna,  316. 
Bellendena,  J?.  -Br.  336. 
Belvisiackb,  261. 
Bengal  Hemp,  263. 
Ben-nuts,  2o5. 
Benzoin,  202,  30a 
Bunzoin,  A"!?**,  333. 
Berberidacejg,  202. 
Berberis,  X.  202. 
Berberry,  202. 
^^r^,  406. 
Bergamot  Orange, 

236. 
Bergera,  -Been.  235. 
Beta,  Toumef.  337. 
Betel-nuts,  394. 


Betony,  821. 
Belula,  X.  345. 
Betulacks,  346. 
^i&tn,  333. 
^^,  406. 
Biguoiiia,  X.  322. 

BiQNONIACE-E,  322. 
BlONO.VIALES,  322. 

Bikh,  198. 
Bilberry,  297. 
J5//im6i,  237. 
Billardiera,  Smith, 

243. 
Billbergia,  T^trn^.  381. 
Bindweed,  312. 
-BircA,  345. 
Bird-Ume,  303. 
Birth-wort,  365. 
Bitter-sweet,  314. 
Bitter-wood,  242. 
Bixa,  X.  214. 
Bixace^,  214. 
Blackberry,  268. 
Blackwellia,  Commers, 

275. 
Bladder-nut,  231. 
Bladder-senna,  263. 
Bladder-wrack,  460. 
Blasia,  JIftbA.  434. 
Blechnum,  X.  419. 
Blimbing,  237. 
Blitum,  X.  331. 
Blood-root,  207,  380. 
Blumenbachia,  Schrad. 

276. 
Bocagea,  St.^Hilaire, 

200. 
Bocconia,  X.  207. 
Boebmeria,  </ac^.  341. 
Bcehmerie^,  341. 
Boerbaavia,  X.  330. 
Bog-mosses,  432. 
Bog-myrtle,  344. 
^OM  dl0  Colophane, 

248. 
Bolax,  Commers.  280. 
Boldoa,  /uM.  201. 
Boletus,  2)i«.  462. 

BOMBACEiB,  221. 

Bombax,  X.  221. 
Bon  NETTIE,  226. 
Bonplandia,  241. 
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Boopis,  Ju8s.  280. 
Borage,  318. 

BOBAGINACKiE,  317. 

Borago,  Toumef,  318. 
Borassus,  L.  301. 
Bordeaux  Turpentine, 

361. 
Boronia,  Smithy  241. 
Boflchia,  222. 
Boswellia,  Boxh,  248. 
Botany-Bay  Gum, 

380. 
Botnxhium,  Swartz, 

420. 
Botrydina,  ^r<«6.  462. 
Botrydium,  Wallr, 

452. 
Bottle^brush  plants, 

260. 
Bougainvilloa,  330. 
Bowstring  Hemp,  386. 
Boxwood^  340. 
Brachychiton,  223. 
Brachystelnia,  311. 
Brasenia,  X.  204. 
Brassica^X.  211. 
Brayera,  Kunth,  258. 
Brazil^ut,  201. 
BrazUrwood,  254. 
Bread-fruit,  343. 
Broccoli,  212. 
Bromelia,  X.  381. 
Bhomeliace^,  381, 
Bromus,  X.  404. 
-Broom,  253. 
Broom-Bapes,  324. 
Brosimum,  iS?6'a?-z,  343. 
Brouasonetia,  F<?«/.  343. 
Bnicea,  Mille?-,  242. 
Bruguieia,  Xam.  201. 
Brunia,  X.  278. 

BHUNIACEiE,  278. 

Brunoniace^,  204. 
Bryace^,  431, 
Bryonia,  X.  273,  274. 
Bryony,  black,  3()9. 
Bryony,  white,  274. 
Bryophyllum,  Salisb, 

267,208. 
Bryopsis,  X^^mar.  462. 
Bryuin,  X.  432. 
Bucida,  X.  202. 


Buckeye,  230. 
Bucklandia,  i?.  ^.  278. 
Buckthorn,  246. 
Buckthorn,  Sea,  336. 
J?MrA;w,241. 
Buckwheat,  330. 
Buddleiay  Xm<//.  306. 
Buettneria,  *?e 

Bvttneria. 
Bughss,  317. 
Btdrush,  ;595. 
Bupleurum,  Toumef, 

280. 
Burdock,  203. 
Burgundy  Pitch,  361. 

BUKMANNIACFJB,  374. 

Bursera,  Jac^.  248. 

BURSRRACR-l?,  248. 
Butcher's  Broom,  387. 
Butea,  253. 

BUTOME/E,  380. 

Butomus,  Toumef,  389. 
Buttercup,  189. 
Butter-nut,  350. 
BuUer-worts,  328. 
BuxACK^,  340. 
Buxus,  Toumef.  340. 
Byttneria,  X<r^,  223. 
Byttnehiack-b,  223. 

Cabbage,  212. 
Cabbage-palm,  394. 
Cabomba,  X.  204. 
Cabomback-e,  204. 
Cocao  5^an«,  224. 
Cactace^,  276. 
Cadaba,  -For^A;.  212. 
Coesalpinia,  X.  261. 
C^SALPINIE^,  250. 
Caffer-bread,  366. 
Cahinca-root,  287. 
Cajauue,  253. 
Cajeput-oil,  260. 
Cakile,  Tournef.  211. 
Calabar-bean,  253. 
Calabash  Nutmeg,  -200. 
Calabash-tree,  200. 
Caladium,  F^»f.  396. 
Calamagrostis,  406. 
Calamander^cood,  303. 
Calamites,  418. 
CalamuS;  X.  391. 


Calceolaria,  F<f»iZf. 

326. 
Calendula,  iVrdfe.  293. 
Calla,  X.  306. 
Callistemma,  Oijw.  293. 
Callithamnion,  Lyngb. 

447. 
Callitrichackje, 

349 
Cailitrlche,  X.  349. 
Callitiis,  im. 
Calophyllum,  X.  227. 
Calothrix,  Agh.  454. 
Calotropis,  i?.  -Br.  311. 
Caltha,  X.  196. 
Calumba-root,  201. 
Calycanthace^,  258. 
Calycanthus,  Xim^. 

259. 
Calycera,  Cav.  289. 
Caly'ceraceje,  280. 
Calycifloh^,  244. 
Calystegia,  B.  Br.  :\U. 
Calytrix,  JUibiU.  261. 
Camassia,  386. 
Cambogia,  X.  227. 
Camellia,  X.  226. 
Camelliaceje.  226. 
Camel-thorn,  253. 
Cameraria,  Plum,  309. 
Camomile,  292. 
Campanula,  X.  295. 
Campanulacfje,  295. 
Camphor,  33^}. 
Camphor,  Sumatnm, 

225. 
Camphora,  iV><»*,  3.*^3. 
Cam-wood,  254. 
Canada  Balsam,  '^61. 
Canada  i2ic«,  406. 
Canarium,  X.  24^. 
Canary  Creeper,  239. 
Canary-seed,  406. 
Candle-tree,  323. 
CandoUea,  XaM.  198. 
Canellace.£,  304. 
Cow*,  394. 
Canna,  X.  376. 
Cannabine^,  342. 
Cannabis,  Toumef, 

342. 
CoimoM^aff  <r«f ,  261. 
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Oanterhwry  Bells j  295. 
OaotftchouCf  343. 
OaoiOchoiic-bottle,  339. 
Oaper,  213. 
Capparidaceje,  212. 
Capparifl,  Z.  212. 
Capri  FOLIAGES,  284. 
Caprifolium,  Toumef, 

28o. 
Capsella,  Vent  211, 
Capsicum,  Tournef, 

314. 
Carambole,  237. 
Carana  resin,  248. 
Carapa,  ^i/&/.  234. 
Caraway,  282. 
Cardamoms,  376. 
Cardioapermum,  Z. 

230. 
Cardoon,  293. 
Caiduua,  Ganrtn.  294. 
Caiex,  ificA.  400. 
Carica,  X.  270. 
Carissa,  L.  309. 
Carlina,  Toumef.  293. 
Carludovica,  iJ.  ^r  P. 

305. 
Carmichselia,  Qrev,2b2, 
Carnation^  220. 
Ccarobsj  254. 
Carolina  Pink,  307. 
Carpinus,  Z.  350. 
Carrageen,  448. 
Corro/,  282. 
Carthamus.  Toumef, 

293. 
Carum,  JTocA,  282. 
Caiya,  AV^.  350. 
Caryocar,  Z.  226. 
Caryophyllacbjb, 

218. 
Caryophyllufl,  Toumef, 

260. 
Caryota,  Z.  39  . 
CascariUn-harki  340. 
Casearia,  Jacq,  271. 
Cashew-nut,  247. 
Cassava,  340. 
Cassia,  Z.  251,  254. 
Cassia-bark,  Sm. 
Oasfflpouiea,  ^f<6/.  262. 
Cafisjtha,  Z.  333. 


Castanea,  OtBrtn,  350. 
Castilloa,  343. 
Castor-oil,  339. 
Casuarina,  Z.  iU6. 
Casuabinack^,  346. 
Catalpa,  Scop.  322. 
Catasetum,  -RiVA.  372. 
Catechu,  254,  295. 
Catha,  Forsk.  245. 
Cathartocarpus,  Per*. 

252. 
Cauliflower,  212. 
Caulmia,  TFitfrf. 
Oaulophyllum,  Michx. 

202. 
Cayenne-pepper,  316. 
Coanothus,  Z.  246. 
Cecropia,  Z.  343. 
Cedar  of  Leharum,  360. 
Cedar-wood,  248. 
C<?rfra<,  236. 
Ccdrela,  Z.  2iU. 
Cedrelacejb,  234. 
Ccrfraw,  242. 
Cedrus,  Z.  iJOO. 
Celastrace^,  245. 
Celastrus,  Ktmth,  245. 
Cc/ery,  282. 
Celoaia,  Z.  330. 
Cklte^,  344. 
Celtis,  Toumef  344. 
Centaurea,  Ze«».  203. 
Centradenia,  Don^ 

263. 
Centranthiig,  DC.  288. 
Centrolepia,  Lahill. 

399. 
Cephaelia,  iSir.  287. 
Ccphalanthus,  Z.  287. 
Cephalotaxiis,  Zuce, 

361. 
Cephalotus,  LahiU.  266. 
Ceramie^,  447. 
Ceramium,  Adans, 

447. 
Ceraatium,  Z.  219. 
Cerasus,  Jttss.  258. 
Ceratonia,  Z.  251. 
Cebatophyllacks, 

348. 
Ceratophyllum.  Z. 

348. 


Ceratopteris,  Brongn, 

419. 
Ceratosicyoa,  Nees,  270. 
Cerbera,  Z.  309. 
Cereal  grcdns,  406. 
Cereus,  ZTato.  276. 
Ceroxylon,  H,  ^  B. 

391. 
Oestrum,  316. 
Ceterach,  Adans.  419. 
Cetraria,  Ach.  469. 
Cevadilh,  387. 
ChaiUetia,  DC.  246. 
Chailletiace^,  246. 
Chamiedorea,  WiUd, 

391. 
Chamjblauciacejb, 

261. 
Chamaerops,  Z.  391. 
Chamamssles,  Lindl, 

259. 
Chara,  Z.  444. 
Charace^,  444. 
Chaidca,  Miq.  M7. 
Cheiranthua,  B.  Br, 

211. 
ChclFOstemon,  Z.  223. 
Chelidonium,  Toumef, 

207. 
Chenopodiacb^,  331. 
Ohenopodium,  Z.  331. 
Cherimoya,  200. 
Cherry,  258. 
Cherry,  Cornelian,  284. 
Cherry-laurel,  258. 
CA^w/,  282. 
Chestnut,  :351. 
Chibou  resin,  248. 
CAic/j  Pea,  see  Citrer. 
C%icory,  293. 
Chimaphila,  l^rsA, 

297. 
ChimonanthuB,  Ztmi?. 

259. 
C!Atiia  u4«^,  293. 
Chinor-root,  384. 
Ghiococca,  P.  Br.  287. 
Chionantbua,  Z.  305. 
ChireUa,  308. 
CAtre,  386. 
Chl^nace-»,  225. 
Chlora,  Z.  308. 
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Chloranthace^)  347.  Clematidk-»,  196. 
Chloranthus,  SioartZy       Clematis,  L.  196. 

847.      .  Cleome,  DC.  212. 

Chloroxylon,  DC.  234.    Clkomeje,  212. 
Chocolate f  224.  Clerodendron,  L,  321. 

Chondodendron,  H.  SfP,   Closterium,  Nitssch, 

201.  454. 

Chondrue,  Grev.  447.        Clave-nvfmeffs,  333, 
Chorda,  Stackh.  460.         Clover^  252. 
Chorozema,  ZaW//.  250.    Cloves,  2G0. 
Chrysanthemum,  DC.      dub-Mossea^  428. 

293.  Clusia,  i.  227. 

Chrysanthemum,  293.  Clusiaceje,  227. 
Chbysobalanks,  257.  Cluster-pine,  360. 
Chrysobalanus,  i.  257.  Cluytia,  -4iY.  3^8. 
Chrysophyllum,  Z.  i^2.  Cneorum,  242. 
ChylocladSa,  Grev,  447.  Cobaea,  Car.  311. 
Chymocarpu8,i)o»,  239.    Coca,  2M. 


1 


Chvtridium,  AL  Br. 

Cicer,  Toumef,  253. 
ClCHORACKK,  292. 
Cichorium,  Toumef, 

293 
Cicuta,  X.  279,  281. 
Cinchona,  L.  267. 
Cinchona,  287. 

ClNCHONRS,  286. 
Cineraria,  293. 
Cinnamomum,  Burm, 

333. 
Cinnamon,  333. 
Circaa,  Toumef.  264. 
Cissampelos,  Z*.  201. 
Cissus,  X.  244. 

CiSTACEJS,  214. 

Cistus,  Toumef,  214. 
Citron,  235. 
Citrosma,  i2.<S'-P.  201. 
Citrullus.  iVccA;.  273. 
Citrus,  A  235. 
Cladium,  i2.  J?r.  400. 
Cladonia,  ffqfm.  469. 
Clarkia,  Pursh.  264. 
Clathrocystis,  XTew/*. 

452. 
Clathrufl,  Mich.  464. 
ClaTaria,  X.  462. 
ChxvARmM,  462. 
Clavicegs,  468. 
Claytonia,  X.  269. 
Clearing-nut,  307. 


C(x;coloba,  t7«cy.  329. 

Cocculus,  DC.  201. 

Cocculus  indicus,  201. 

Cochineal,  277. 

Cochlearia,  X.  211. 

CocA;'«-cf)m6,  33L 

Cocoa,  224. 

Cocoa-nut,  893. 

Cocochnut  oil,  394. 

Cocoa-plum,  258. 

Coco«»«,  397. 

Cocos,  X.  391. 

Codarium,  Soland,  254. 

Codium,  Stackh.  452. 
Coelebogyne,  J",  i^. 

3t38 
Cofteai  X.  287. 
Coffee,  287. 

Coffee,  287. 

CofV,  394. 
Coix,  X.  403. 
Cola.  i&Ao«.  223. 
Colchicum,  Toumef 

i^S5. 
Colchicum,  385. 
Coleochaete,  J?r^6.  452. 
Collema,  -4cA.  469. 
CoUetia,  Comm.  246. 
Collomia,  Nutt.  311. 
Collophora,  309. 
Colocasia,  Bay,  396. 
Colocynih,  274. 
CoUsfoot,  293. 
Colutnbine,  198. 


Columelliacejb,  324. 
Colutea,  262. 

COMBRETACEJB,  262. 
COMBRBTB^  262. 

Combretum,  Laff.  2(52. 
Commelyna,  Di^.  3c>7. 
CommelynacejE,  387. 
Composites,  289. 
Comptonia,  Banks,  -Uo. 
Conanthera,  jR.  ^F.  3?vj. 
CONFFJlViB,  451. 
CONFKEVOIDK-B,  451. 
CONIFKttiB,  ti58. 

Conium,  X.  279,  281. 
C0NJUOAT-»,  453. 
CONNARACE-E,  247. 

Conocarpus,  262. 
Convallaria,  De^f.  'X>5. 
CoNVOLVUUiCKfi,  312. 

Convolvulus,  X.  312. 
Cookia,  Sonner.  23>5. 
Copaiba,  254. 
Copaifera,  X.  251. 
O^,  254. 
Copal,  Ifidian,  225. 
Copemicia,  Mart.  2&i. 
Coprosma,  Furst.  287. 
Coptis,  Salisb.  198. 
CoquiUa-nut,  394. 
Corallina,  Toumef. 

CORALLINEJE,  447. 

CoraUines,  448. 

COR.ILLORHIZA,  374. 

Copchorus,  X.  224. 
Cordia,  Plum.  317. 

CORDIACEJB,  317. 
CORDYLINE,  386. 

Corema,  Don,  341. 
Coriander,  282. 
Coriandrum,  X.  280. 
Coriaria,  242. 

CORARIE^,  242. 
Cork- Oak,  351. 

CORMOPHYTA,  408. 
CORNACKS,  283. 
Comus,  Toumef  283. 

COROLLIFLOR^,  284. 

CoroniUa,  X.  25.3. 
Correa,  Smith,  241. 
Corsican  Moss,  448. 
CORTICIUM,  462. 
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Corrdalis,  DC.  208. 
Corylus,  L.  3o0. 

CoRYMBlFER^y  292. 

Cosmarium,  Menegh. 

454. 
Costus,  Z.  375. 
Costus,  293. 
Cotton-ffraas,  402. 
CoUon-plaiasy  222. 
Cotyledon,  />C.  267. 
Couch-yrass^  406. 
Coutarea,  287. 
Ccwhage,  253. 
Cow-pianty  311. 
Coirrte  i\»«,  360. 
CowsUpy  301. 
Cow-tree,  309,  343. 
Crambe,  Toiirtief.  211. 
Cranberry^  207. 
Crmie'»4nlU,  237. 
Crafi8ula,  ZTau?.  267. 

CKASStTLACK-fi,  267. 

Crassule^,  267. 
Crateeg^us,  Z.  258. 
Crata&va,  X.  215. 
Crawfurdia,  TFa//.  308. 
Creosote-plant,  240. 
Cremospebme^,  273. 
CresceDtia,  2/.  323. 
Cresckntiacks,  322. 
Cressy  212. 
Cribrabia,  471. 
Crithmum,  Toumef. 

282. 
Crocus,  Taumef,  381. 
Cross^toerSy  209. 
Crotaxaria,  252. 
Croton,  X.  338. 
Crotonnnly  339. 
Crowberry,  341. 
CVoiwt  ImpericU,  386. 
CrozophoRa,  340. 

CRUCIFERiG,  209. 

Cryptocarya,  333. 
Cryptoqamia,  408. 
Cryptomeria,  x)c/«,  ;358. 
Cryptonkmie^,  447. 
Cubeba,  Miq.  347. 
Cubebs,  348. 
Cucumber^  274. 
Cucumis,  i.  273. 
Cucurbita,  X.  273. 


CUCUBBITACEJE,  271. 

Cudbear,  470. 
Cumin um,  L.  282. 
Cummin,  282. 
Cunninghamia,  S.  ^r. 

359. 
Cunonia,  X.  266. 
CUNONIEJE,  2G6. 
Cupania,  X.  230. 
Cuphea,  Jacq,  206, 
CUPRESSINE^,  358. 
Cupressufi,  Toumef, 

358. 

CuPULIPERiB,  350. 

Curaqoa,  236. 
Curculigo,  G(Brtn,  379. 
Curcuma,  X.  376. 
Currant  (grape),  244. 
Currants,  277,  287. 
Cuscuta,  Toumef.  312. 

CUSPARIEJB,  241. 
Custard-apple,  200. 
Cyathea,  iSwie^A,  419. 
Cyatheb^,  419. 
Cycadaceje,  364. 
Cycas,  X.  3(35. 
Cyclamen,  Toumef. 

301. 
Cyclanthe^,  395. 
Cyclanthus,  PoU.  395. 
Cyclocodon,  205. 
Cycnoches,  LindL  373. 
Cydonia,  Taurnef.  258. 
Cynanchum,  X.  310. 
Cynarejb,  292. 
Cynodon,  Hich.  406. 
Cynomorium,  Michel, 

353. 
Cynosurus,  X.  406. 
Cyperace-e,  400. 
Cyperus,  X.  400. 
Cyphiejb,  295. 
C^*e8«,  361. 
Cypress  (deciduous), 

361. 
Cypripedium,  X.  371. 
Cyrillace^,  t*W4. 
Cyrtandra,  Forst.  324. 
Cyrtandre^,  324. 
Cystopteris,  Bemh.  419. 
Cystopus,  457. 
Cystoseira,  Ayh.  449. 


Cytinace-b,  354. 
Cytinus,  X.  354 
Cytisufl,  253. 

Dacrydium,  Sol.  361. 
Dacrymyces,  462. 
Daforft/,  379. 
JDahk-trees,  253. 
X^oA/ta,  293. 
Daisy,  293. 
Dalbergia,  X.  253. 
Dammar  Pine,  360. 
Dammar  Pitch,  225. 
Dammara,  Humph. 

359. 
Damson,  258. 
Danaea,  t/.  <Sm.  420. 
Dandelion,  293. 
Daphne,  X.  335. 
Daphniphyllackb, 

340. 
Darlingtonia,  r(WT.205. 
Danjc/,  406. 
Date,  394 
Date-plum,  303. 
Datisca,  X.  275. 
Datjscace^,  275. 
Datura,  X.  314. 
Daucus,  X.  280. 
Deciduous  Cypress,  361. 
Dehaasia,  333. 
Delabechea,  223. 
Delesseria,  Lamx.  447. 

DELESSERlEiB,  447. 

Delima,  X.  198. 
Delphinium,  Toumef, 

Dendromecon,  206. 
Deodar,  360. 
Dermatia,  Haw.  465. 
Dermatocarpon,  Eschw, 

469. 
Deaf ontainea,  J2.  &  P. 

306. 
Desmarestia,  Lamx. 

4m. 

D£&KioiE.fi,  454. 
Desmidium,  Agh.  454. 
Desmodium,  2b'2. 
Desvauxiaceje,  399. 
Detarium,  251. 
Deutzia,  Thw^.  266. 
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Dhoona  pitchy  225. 
Dialium,  254. 
Diamorpha,  Nutt.  267. 

DlAMOBPHR^,  267. 

DianthuB,  X.  219. 

DiAPENSIACEJE,  811. 

Diatoma,  DC,  454. 

DiATOMACEiB,  454. 
DlATOMK£f  454. 

Dicentra,  Borkh.  208. 
Dichaena,  Friea^  408. 

DiCOTYLEDONES,  108. 

Dicranum^  Hedto,  482. 
Dictamnus,  L.  241. 

DiCTYOGENS,  187. 

Dictyopteris,  Lamx, 

449. 
Dictyosiphon,  Orev, 

Dictyostelium,  471. 
Dictyota,  Lamx,  448. 
DictyotacejB,  448. 
Didymium,  470. 
Dieffenbachia;  Schott, 

306. 
Dielvtra,  208. 
DierViUa,  Toumef.  285. 
Digitalis,  L.  326. 
Dilkea,  Mad.  270. 
ma,  282. 
DUlenia,  L,  198. 

DlLLENIACE^,  198. 

Dion,  Lindl,  366. 
Dioii86a,  EUts,  215. 
Dioscorea,  L,  369. 

DlOSCOBEACE^,  369. 

Diosma,  L,  241. 
Diospyros,  L.  302. 
Diphaca,  Lour.  251,255. 
Dipladenia,  DC,  300. 
DiplocliniumyZi'm;^/.  275. 
Diplophractum,  Desf, 

224. 
DiPLOZYOi^,  280. 

DiPSACEJE,  '2i^, 
Dipsaciis,  Toumef.  288. 

DrPTERACE-fi,  2^6, 

Dipterocarpus,  Gartn, 

225. 
Dipteryx,  Heinw,  261, 

253. 
Diachidia,  B,  Br,  311. 


DiSCOMYCETES,  465. 
DiUtmy  of  CreU,  321. 
Divi-dim,  264. 
Docks,  330. 
Dodders,  3ia 
DoDONEJB,  2;)0. 
Dog-banes,  308. 
Do(f  smooth,  886. 
Dog-violet ^  217. 
Dogwood,  284. 
Doiichos,  Z.  253. 
Dombeya,  CWf?.  223. 
Dorema,  Don,  282. 
Doronicutn,  Z.  292. 
Doryphora,  JSVwK.  .384. 
Dorstenia,  Ptum,  t\4Q. 
Doum  Palm,  304. 
DracsBna,  Vand,  885. 
Dracontium,  L,  Ji97. 
Dragon^s-blood,  394. 
DragovkS-mottth,  327. 
Dragofirtree,  38(5. 
Drakea,  Ztnd^.  372. 
Drapamaldia,  ^ory, 

452. 
Drimys,  iJ.  -Br.  191. 
Drosera,  L.  215. 
Droserack^,  215. 
Drfpaceje,  257. 
Dryobalanops,  0€ertn, 

^25 
Duboisia,  B,  Br,  316. 
Duckweed,  397. 
Duffuetia,  5^-^tf.  200. 
Dtt^c,  448. 
Dumb-cane,  397. 
Durisea,  if.  4*  ^'C^* 

485. 
Durian,  221,  222. 
Durmast-Oak,  355. 
Dwrra,  406. 
DtffcA  itfyr^^e,  844. 
Dyer's  broom,  263. 

Eagle-wood,  254,  336. 
Ebenace^,  302. 
Eboe-ntU,  253. 
jE:6o»i/,  3a3. 
Ecbafium,  i.  C,  Bich, 

273. 
Eccremocarpus,  2?.  «$•  P. 

322. 


Ecbinocactu?,  ZoaA  tf- 

0«.  276. 
Echinophora,  i.  279. 
Echites,  B.  Br.  309. 
Ecbium,  L,  318. 
EctocarpuB,  Lyngh, 

Am, 

Eddoes,  897. 
Egg-Apple,  3i7. 
Ehretiack-b,  318, 

El^^AGNACK^.  336. 

Elaeagnus,  L.  336. 
Elffiocaipus,  Z.  224. 
Elseodendron,  Jiacq, 

24^5. 
Elais,  Jiicg.  391, 
Elaphrium,  Jacq.  24-S. 
Elaterium,  Jacq,  273. 
Elaterium,  274. 
Elatenace-k,  229. 
Elatine,  X.  220. 
Z:«er,  286. 
Elecampane,  292, 
J^mi,  248. 

Eleocharjs,  B.  Br.  40L 
Elephant*s  ears,  274. 
Elettaria,  376. 
Eleusine,  406. 
Eloutberine,  381. 
Elm,  424. 

Elodea,  Adans,  382. 
Elymus,  407, 
Empetraceas,  340.  • 
Empetrum,  L.  341. 
Encalypta,  Hedw.  432. 
Encepbalaitos,  Lekm. 

365. 
ZWire,  293. 
EndocarpoD,  Hedtc, 

460. 
Endogens,  187, 367. 
Entada,  L.  252. 
Epacridack^,  298. 
Epacris,  Stn.  208. 
Eperua,  Aubl.  254. 
Ephedra,  L,  863. 
Epilobium,  L.  264. 
Epimedium,  X.  202. 
EpiphyUum,  277. 
Epipogon,  874. 

EqUISETACEiE,  416. 

^uisetum,  X.  417. 
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£rantluB,  198. 
Erica,  i.  296. 
TlniCACBX,  296. 
Ibices,  296. 
Eriocaulace-^,  399. 
Eriocaulon,  L.  399. 
Eriogonum,  Z.  C,  Mich, 

EriolB9na,  B.C.  223. 
ErioUeneaB,  223. 
Eriophorum,  X.  401. 
ErioAtemon,  Smith, 

241. 
Erodiiim,  mrtt.  238. 
Eropbila,  DC,  210. 
Ervum,  Toum.  2o3. 
Ervngiiun,  Taumef, 

279. 
Eryngo,  2S2, 
Erysimum,  L.  211. 
Erysiphe,  Iledw.fil, 

466. 
Erythrsea,  -Ren.  308. 
Erythronium,  .*586. 
EirthroBpermum,  Lam, 

Ebythroxylacejb, 

234. 
Erythroxylon,  L.  234. 
Escallonia,  Jlutis,  267. 

ESCALLONEE-K,  2(56. 

Eschscholtzia,  C^^n. 

207. 
Esenbeckea,  H,  B,  K, 

241. 
Esparto,  407. 
Euastrum,  ^Ar.  i554. 
Eucalyptus,  HSrit, 

260. 
Eugenia,  Michel.  2/59. 
Euonymus,  Totimef, 

246. 
Eupatorium,  293. 
Euphorbia,  Z.  .'i;W. 

EuPHORBIACEiR,  337. 

Euphorhium,  338. 
Euphrasia,  Z.  326. 
Eurotium,  466. 
Eurya,  Thunh.  226. 
Euryangium,  282. 
Euterpe,  394. 
Euryale,  SaUsb,  204. 


Eutassa,  360. 
Eutoca,  22.  Br.  311. 
Evening  Primrose,  263. 
Evergreen  Oak,  3ol. 
Everlasting  Flowers, 

293. 
Eyemia,  -4cA.  469. 
Exacum,  Z.  307. 
Excoecaria,  Z.  339. 

EXOGENS,  187. 

Exogonium,  Chois.  312. 

Faba,  252. 

Fagonia,  Toumef.  240. 
Fagopvrum,  330. 
FagrsBa,  Thunh.  306. 
Fagus,  Z.  350. 
Fedia,  Mcench.  288. 
Fegatella,  -RorfJ,  434. 
Fennel,  282. 
JPer««,  419. 
Feronia,  Corr.  235. 
Ferraria,  Z.  381. 
Ferula,  Z.  280,  282. 
Fescue,  405. 
Festuca,  Z.  404. 
FeuUlffia,  Z.  273,  274. 
FicorDE^,  269. 
Ficus,  Tmmef.  342. 
jRV/«,  343. 
Filbert,  351. 
FiLicES,  419. 
Fir-trees,  360. 
Flacourtia,  Contm.  214. 
FlacourtiacejB,  214. 
i'7fli^  Orcfcr,  380. 
2^%*,  381. 
Flax,  236. 
JYfltr,  New-Zealand, 

386. 
Flea-seed,  298. 
inindersia,  i2.  i?r.  234. 
Floerkea,  -^/>r.  239. 
Flowering  Plants, 

193. 
Flowerless  Plants, 

408. 
Fodder-grasses f  406. 
Foeniculum,  Adans, 

282. 
Fontinalifl,  Z.  432. 
-Foor«  Pardey,  281. 


Forbesia,  ZfcH  379. 
Forbidden-fruit,  235. 
Forget-m&^iot,  318. 
Forskohlia,  341. 

FORSKdHLIE^,  341. 

FothergiUa,  Z./.  278. 
Fothergilleje,  278. 
Fourcroya,  Vent.  378. 
Four-o*clock  plant,  330. 
Foxglove,  327. 
Fragaria,  Z.  257. 

FRANCOACEiB,  267. 

Frankenia,  Z.  217. 

FRANKENIACEiE,  217. 

Frankincense,  248. 
Frankincense-pine,  860. 
Frasera,  Tfo/A  308. 
Fraxink-sj,  306. 
Fraxinella,  241. 
Fraxinus,  Toumef.  304. 
Fremontia,  Z?ooA:.  223. 
Fremontie-s,  223. 
French  berries,  246. 
Freycinetia,  6^aw€/.  395. 
Frezia,  227. 
Fritillaria,  Z.  386. 
Froa-bit,  382. 
Frullania,  iV<?e«,  434. 
FucACE-s:,  449. 
Fuchsia,  Plum.  264. 
Fucus,  Z.  450. 
Fumaria,  Toumef.  250. 

FUMARlACEiE,  207. 

Fumitory,  208. 
Funaria,  Zrc</M^.  432. 
Fundunji,  406. 
Fungi,  411,  455. 
Fungus  melitensis,  354. 
Funkia,  /S/ir.  385. 
Fiisanus,  353. 
JV«<«c,  247,  343. 

Gagea,  386. 
G^imardia,  Gattdich. 

Galangale-root,  376. 
Galanthufl,  Z.  378. 
Gaibanum,  282. 
Galipea,  ^u&A  242. 
GaUum,  Z.  287. 
Gama-grass,  406. 
Gambeer,  287. 
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Gamboge^  227. 

GAMOPKTAi-B,  284. 

Gurcinia,  X.  227. 
Gardenia,  m  288. 
Cfarden-NaaturtiumSf 

239. 
Garlic,  386. 
Garlic  Pear,  213. 

GABBYACEiE,  351. 

Gasteromycetes, 

464. 
Gaudichaudia,  233. 
Gaultheria,  L.  297. 
Geissoloma,  Lindl.  340. 
GelseDium,  X.  306. 
Geniostoma,  306. 
Genipa,  287. 
Genista,  X.  253. 
Gentian,  308. 
(rentiana,  X.  307. 

GBNTIANACEiE,  307. 

Gentiaiiella,  .'X)8. 
Geocalyx,  AW*,  434. 
Geoffiroja,  Jacq,  253. 
Geoglossum,  Ar«.  466. 
Gehaniack-s,  237. 
Geranium,  HSrit,  2i58. 
Gesnera,  Mart,  324. 
Gesnrbace^,  324. 

GE8NER£i&,  324. 
GiLLIESIACE-fi,  \\^, 

Ginger,  376. 
Ginger-grass,  406. 
Ginseng,  283. 
Gladiolus,  Tournef, 

381. 
GlasS'fJDort,  331. 
Glaucium,  Towmef, 

205. 
Glaux,  Toumef.  300. 
Gleditschia,  X.  254. 
Gleichenia,  Smith,  419. 

GLEICHENIBiB,  419. 

(r/060  ^marayih/jf,  331. 
Globularia,  X.  322. 
Gloriosa,  386. 
Gloxinia,  XTfrt^.  324. 
Glumifloil«,  398. 
Glyceria,  H.  Br.  311. 
Glycyrrhiza,  X.  253. 
Glyphfiea,  Hook.f,  225. 
Gnaphalium,  Dc^^  294. 


GNBTACRfi,  862. 
Gnetum,  X.  363. 
Goat's-beard,  293. 
Gold-thread,  198. 
Gomme  dP Acajou,  247. 
Gomphocarpus,  310. 
Gompholobium,  253. 
Gomphrena,  X.  3*30. 
Gonium,  Lanu  455. 
GOODENIACEA,  294. 
Googal,  248. 
Gtioseberry,  277. 
Gordonia,  .EZ?.  226. 
GoRDONIEiG,  226. 
Gossypium,  X.  221. 
Gouania,  .^^im;^.  246. 
Gourds,  274. 
Grabowskia,  ScMccht. 

316. 
Grains  of  Paradise, 

376. 
Grahinaceje,  402. 
GranadiUa,  271. 
6?rflp<f,  244. 
(?rapf ,  Seaside,  330. 
Grasses,  402. 
Grass-cloth,  342. 
Gi'as»4r€e,  386. 
Gratiola,  -R.  -Br.  326. 
Gy^eA;  Valerian,  311. 
Green-heart,  333. 
G^r^^n  Laver,  453. 
Grevillea,  A  5r.  336. 
Grewia,  «/t<M.  224. 
Griffithsia,  ^^A.  447. 
Grimmia,  X:^-A.  432. 
Grislea,  X.  265. 
Gronovia,  X.  275. 
GnossuLACEiB,  277. 
Ground-Ivg,  328. 
Ground-mdy  253, 
Guaiacum,  240. 
Guaiacum,  i^Mtn.  240. 
Giiarana  bread,  230. 
Guarea,  X.  237. 
Gfwira,  260. 
<9a^W^  Jtose,  285. 
Guepinia,  402. 
Guettarda,  Vent,  287. 
Guimauve,  222. 
Gulatncha,  201. 
Gulf-weed,  450. 


(ri/m  ^Mcia,  254 
(rum  Anime,  22o. 
(rum  Arabic,  254 
(rtfin  Dammar,  361. 
(rMm  Dragon,  253. 
^tmi  Xae,  253,  339. 
Gtimmi  gutta,  229. 
&</m  Senegal^  254. 
Gum-trees,  260. 
Gunnera,  X.  262. 
Gustavia,  X.  260. 
Gk«ii  PwY^fl,  302. 

GUTTIFER-B,  227. 

Gymnema,  311. 
Gymnoascus,  466. 
Gymnocarpea,  i2.  A*. 

270. 
Gymxogens,  187. 
Gymnogramme,  Dett, 

419. 
Gyhnospermia,  356. 
Gynandropsis,  DC 

216. 
Gynerium,  S,  B,  K, 

406. 
Gypsophila,  220. 
Gyrinopsis,  Gtertn. 

*336. 
Gykocabpk«,  262. 
Gyrocaipu£,  Jacq. 

'262, 
Gy&ostemoneje,  332. 

Hsemanthus,  379. 
Hsematoxylon,  X. 
254. 

IL£HODOBACEiB,  379. 

Haemodorum,  Sm, 

380. 
Hmr-Mk,  295. 
Ilakea,  Schrad.  336. 
Halesia,  Ellis,  304. 
HalidrTSy  lAfngb,  449. 

HALOBAGACKJ&,  264. 

Ilaloragis,  Forst,  264. 

HAMAMELEiB,  278. 
HAKAMELIDACEiB, 

277. 
IlamanaeliB,  X.  278. 
Hancornia,  Gom,  309. 
Hand-plant,  224. 
Haplozygije,  279. 
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JUaricots,  252, 
JEfatcthom,  258. 
JIasel,  3ol. 
Jlearfs-ease,  217. 
Jlfoth,  297. 
liedeoma,  Pers.  320. 
Hedera,  L.  282, 
lledwi^fia.  Hook,  248. 
lledycnium,  Koenigy 

Hedvosmum,  SchtoartZf 

347. 
lledyotisy  Lam,  294. 
HedjsaresBy  2o2. 
Ileliamphoray  Benth, 

205. 
Helianthemum,  Tour- 

nef,  214. 
Helianthus,  L,  293. 
Helichiysuin,  294. 
Heliconia,  L,  377. 
HeUcteres,  Z.  223. 
HeUctropey  318. 
Hellebore,  White,  387. 
Hklleborks,  196. 
lleUeborus,  Adana. 

196. 
II<^lmin  th  ochorton, 

448. 
Ilelosis,  i?/cA.  3r,3. 
Ilelvellftj  X.  4(V). 
Helwingia,  TTiT/rf. 

282. 
Hemerocallis,  385. 
Hemidesmus,  JR.  ^r. 

811. 
Hemistemma,  Commera, 

198. 
Hemlock,  281. 
Hemlock  Dropwort, 

281. 
Hemlock  Spruce,  360. 
Zr(?m/7,  842. 
Hemp,  African,  386. 
Hemp,  tndian,  342. 
JJ<»mp,  Manilla,  .378. 
Henbane,  315. 
Hennah,  264. 
HKPATTCiE,  4.33. 

Heracleiim,  X.  280. 
Heiitiera,  ^t<.  223. 
Hermannia,  X.  223. 


Hermannie-s,  223. 
Hernandia,  Plum, 

335. 
Hetasria,  ^nrf/.  388. 

HETEBOSCIABEJEy 

279. 
Heterosporia,  424. 
Ileuchera,  267. 
Hevea,  .339. 
Ilibbertia,  Andr,  198. 

IIlBISCE^,  221. 

Hibiscus,  X.  221. 
Hickory,  360. 
Hierochloe,  406. 
Hillebrandia,  274. 
Ilimantbalia,  Lyngh, 
449. 

HiPPOCASTANEiE, 

230. 
Hi  PPOCRATEACEiK, 

245. 
Hippomane,  X.  3.'i8. 
Hippophae,  X.  336. 
Hippuris,  X.  264. 
Ilirseay  Jacq,  233. 
Hog-gtim,  z47. 
Hog-plum,  247. 
IlollboelUa,  WaU,  202, 
HoUy,  303. 
Hollyhock,  222. 
^o/m  OaAj,  351. 
HoMALIACE^y  275. 

Homalium,  t/ao^.  275. 
Ilonckenja,  ^SAr.  225. 
Honey^locust,  254. 
Honeysuckle,  285. 
-Hop,  342. 
Hordeum,  X.  404. 
Horehound,  321. 
Hornbeam,  851. 
Horse-chestnut,  230. 
Horseradish,  212. 
Horse-sugar,  .304. 
Horse-tails,  417. 
Horsfieldia,  280. 
Hottentot's  Jig,  270. 
Hottonia,  X.  300. 
Houseleek,  268. 
Hovenia,  Ti^t/n^.  246. 
Hoya,  22.  J5^-.  810. 

HUHIRIACEiB,  304. 

Hamulus,  X.  342. 


Hundred-year^  Plant, 

379. 
XTtton  iVn«,  .360. 
Hura,  X.  338. 
Hyacinth,  885. 
Hyacinthus,  X.  384. 
Hyalostemma,    ^a//. 

334. 
Hvdnocarpus,  Oartn, 

270. 
Hvdnora,  3.54. 
Ilydnum,  X.  462. 
Hydrangea,  X.  267. 
Hydrastis,  X.  198. 
Hvdrocera,  Blum, 

Hydrocharidace^, 

.'382. 
Hydrocharis,  X.  ^2, 
Hydrocotvle,  Tow^nef, 

278,  279. 
Hvdrodictyon,  Both, 

V)2. 
Hy  drolea,  Thotears,  31 1 . 
HydropfltLs,  Bich.  204. 

IlYDROPHYLLACEiB, 
311. 

Hvdrostacbys,  Pet,-Th. 

349. 
HymenoBa,  X.  254. 
Hymenogaster,  464. 
Hymenomycetes, 

462. 
Hymenophyllejb, 

419. 
Hymenophyllum,  Sm, 

419. 
Hyoscyamus,  Toumef, 

314. 
Hypecoum,  Toumef, 

207,208. 
Hypbricace-s,  228. 
Hypericum,  X.  228. 
H)'ph»ne,  394. 
Hypmim,  X.  432. 
Hypodennii,  459. 
HVpoxidace^,  879. 
Hypoxis,  X.  379. 
Hyssopus,  X.  820. 

Iberis,  X.  210. 

ICACINACSJB,  804. 
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Iceland  Moss,  470. 
Icica,  AM,  248. 
Ignatia,  iW. 
Hex,  i.  ii03. 
Ilicacks,  303. 
Illecebracejb,  268. 
Illecebrum,  Gtsrin,/, 

268. 
lUidum,  X.  199. 
Iliigera,  BL  262. 
ImmorteUeSf  293. 
Impatiens,  X.  238. 
Incomplktje,  328. 
Indian  Copal,  225. 
Indian  Coi'n,  406. 
/nrf/an  O-^^,  230. 
Indian  Figs,  276. 
Jn^mn  iSAo^,  377. 
IndiffOf  253. 
Indigo  t'era,  X.  252. 
Inga,  Willd.  251. 
Inocarpus,  336. 
Inula,  G(srtn,  292. 
lodes,  Blume,  343. 
lonidium,  217. 
J/7aJu,  234. 
Ipecacuan,  287. 
Ipecacuan,  blacky  287. 
Ipecacuan,  white, 

287. 
Ipomoea,  X.  312. 
Iridack-«,  380. 
Irideea,  448. 
Iris,  L.  381. 
X-isA  Moss,  448. 
Lsatis,  X.  212. 

ISOETEiB,  425. 

It^oetes,  X.  425. 
Isolepis,  R.  Br,  400. 
Isonandra,  Wight, 
302. 

ISOSPORIA,  416. 

Isotoma,  294. 
Ispaghula  seeds,  298. 
Isthmia,  Agh,  434. 
Itaka-wood,  253. 
Ivory,  Vegetable,  394. 
ley,  283. 

Jiy,  Ground,  321. 
Iwarancusa,  406. 
Ixia,  X.  381. 
Ixora,  X.  288. 


Jacaranda,  Jum.  322. 
Jacob's  Ladder,  311. 
Jo/oo,  212. 
Jambosa,  i^iifrt^^. 

269. 
Jasione,  X.  295. 
Jasminace^,  305. 
Jasminum,  X.  305. 
Jateorrhiza,  Miers, 

201. 
Jatropha,  £i(A.  338. 
Jeffersonia,  Bart,  202. 
Jerusalem  Artic/tokes, 

203. 
Jb6'«  7Vfl?-«,  406. 
Jubtea,  394. 

JUGLAKDACEJB,  349. 

Juglans,  X.  350. 
Jt^fibe,  246. 

JUNGACEiB,  398. 
JUNCAGINEiB,  389. 

Juncus,  DC,  399. 
Jungermannia,  DiB, 
4*33. 

JUN  GSRMANNIACSJE, 

433. 
Juniper,  360. 
Juniperus,  X.  358. 
Justicia,  X.  322. 
Jfi^tf,  224. 

Kadsura,  Juss,  202. 
Kalmia,  297. 
Kamala,  339. 
Kangaroo-grass,  406. 
JKx«,  245. 
Kava,  348. 
^<'/;j,  450. 
Kermes  Oak,  351. 
Kielmeyera,  ilfarf. 

226.' 
Kingia,  i?.  5r.  399. 
Kino,  253. 
JTtno,  Botany  Bay, 

260. 
Kobresia,  JFtTW.  401. 
Koelreuteria,  Lam, 

2m, 

Kohl-rabi,  212. 
Kousso,  258. 
Krameria,  X<r^.  232. 
Kumquat,  235. 


LABlATiB,  319. 

Labiat£florjb,  291. 
iMbumum,  26ii, 
Lace-hark,  336. 
Lfachnanthes,   EUioU, 

380. 
Laci9,'X('na?.  349. 
Lacistemace^,  340. 
Lactuca,  X.  293. 
Ladanum,  214. 
Lagenaria,  jSpr.  274. 
Lagerstroemia,  L,  265. 
Lagetta,  JiuM.  33o. 
Lamb's  LeUuce,  288. 
Laminaria,  Lamx, 

449. 
Lamium,  X.  320. 
Lamprocaulos,  Meet. 

400. 
Lance-wood,  200. 
Landolphia,  iVi/».  309. 
Langsat,  234. 
Lansium,  Rumph, 

2U. 
Lantana,  X.  321. 
Lapageria,  R,  ^  Pat, 

383. 
Lmch,  360. 
Lardizabala,  Ruiz  ^ 

Pav.202. 
Lardizabalacs^, 

201. 
Larix,  360. 
Larkspur,  198. 
Larrea,  Cav.  240. 
Lasiopetalum,    ^Stfiu. 

223. 
Lastnea,  lVe«/,  419. 
Lathraea,  X.  324. 
Lathyrus,  X.  253. 
Laurace^,  332. 
Xaifr<»/,  333. 
Laurel,  Cherry-,  258. 
XawW,  "  Cuba,''  283. 
Laurel,  Portugal,  258. 
Laurel,  J^jurge-,  335. 
Laurelia,  334. 
Laurencia,  Lamx.  447. 
Laurekciks,  447. 
Lauruttinus,  286. 
Laurus,  Tontrwf.  333. 
Lavandula,  X.  320. 
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Lavender,  321. 
JLaver^  448. 
Liavrsonia,  X.  265. 
Lcatheeia^  Gray^  4oO. 
Lecanora,  Achar,  470. 
Lechea,  214. 
I^ecidea,  Ach,  469. 
Lecythidace^,  200. 
Lecythis,  Lotffi,  260. 
I^dum,  X.  297. 
Leeh,  ;i86. 
Legnotideffi;  262. 
Lkguminos^,  248. 
I^iemna^  Z.  o97. 
I.<KMNACELS,  397. 
Xetnon,  235. 
Lemon-grasSj  406. 
Lenwnr-plajity  235. 

I^.NTIBULABIAC£iB, 

328. 
ien/t&,  253. 
Leontodon,  X.  293. 
L<eopoldima,  Mart. 

3i>4. 
Lepidium,  jR.  J5r.  212. 
Ijepidostachys,  Wall, 

iJ40. 
Leptonychia,  223. 
Leptospehmk.*:,  2f>9. 
Lep turns,  H.  Br.  404. 
I^pyrodia,  7?.  -Dr.  400. 
LeBchenaiUtia,  i2.  ifr. 

2^)4. 
Lf^Uuce,  293. 
Leucojum,  X.  379. 
Lewisia,  Pursh.  209. 
LiCHENES,  413,  4(38. 
Lignum  coluhHnumy 

307. 
Lignum  JRhodium,  248. 
Lignum-vitee,  240. 

LlGULIFLOR^,  291. 

Ligustnim,  Tour^ief, 

305. 
Xtfoc,  305. 
LiLiACE-s,  384. 
Lilies,  385. 
Liliimu  X.  384. 
XtT^  <y  ^^  Fieldsy 

379. 
LUyofthe  Valley /;m. 
Lime,  235. 


Xt>/i«  or  Linden,  224. 

LiMNANTHACEJS,  239. 

Limnanthemum^  308. 
Limnanthes,  i2.  ^r. 

239. 
Limnocharis,  XT.  4*  •^* 

Linages,  2.')6. 
Linaria,  Toumef,  326. 
Linseed,  236. 
Linum,  X.  236. 
Liquidambar,  X.  278. 
Liquorice,  253. 
Liriodendron,  X.  199. 
Liasanthe,  JK.  ^r.  298. 
Litchi,  231. 
Lithospermum,  L. 

318. 
Litmus,  470. 
Littorella,  X.  298. 
Liver-woiis,  434. 
Loasa,  Adans.  275. 
LoASACE^,  275. 
liobelia,  X.  2U4. 
Lobelia cE-a:,  294. 
Locust-trees,  2 o3. 
Lodoicea,  Labill.  391. 
Logania,  i?.  i?r.  300. 

LOGANIACE^E,  300. 

Log-wood,  254. 
Loliuni,  L  404. 
Longan,  231. 
X'^Ti^  Pepper,  348. 
Lonicera,  X)<'«/'.  285. 
Ijophiola,  *^5. 
Ijoplura,  Banks,  225. 
LonANTl^\CE^,  iJ52. 
Lorauthus,  X.  3'j2. 
Lotus,  X.  250. 
Lotus,  ancient,  204, 233, 

240. 
Loudonia,  Lindl,  204. 
Lore-Ues-bleeding,  331. 
Lucem,  2o2. 
Luffa,  Toumef.  274. 
Luhea,  JFi/W.  224. 
Lupines,  253. 
Lupinus,  X.  250. 
Luzula,  X)C.  399. 
Jjychnothamnus,  444. 
Lychnis,  X.  219. 
Lycium,  203. 


Lycoperdon,  Toumef. 

449. 
Lycogala,  Micheli,  471. 
Lycopersicum,  317. 
Lycopodiaceje,  423. 
Lycopodium,  X.  423. 
Lygeum,  407. 
Lygodium,  Swartz,  420. 
Lysimachia,  Mosnch. 

300. 
LYTnuACEiB,  264. 
Ly  thrum,  X.  205. 

Macadamia,  Jl  M,  337. 
itfac/*,  3;i4. 
Machserium,  253. 
Maclura,  «U3. 
Macropiper,  Jf ?'y.  347. 
Macrozamia,  Mtq.  365. 
Madagascar  Poison-nut, 

309. 
Madder,  287. 
Madia,  2i>3. 
Maorua,  213. 
Magnolia,  X.  199. 
Magnoliace^,  199. 
Magnolie^,  199. 
Maguey-plants,  379. 
Mahogany,  2'M. 
Mahonia,  Nutt.  203. 
Maleshebbiacels, 

271. 
Mai  lotus,  Lour,  339. 
Mallow,  2l>2. 
Malope,  X.  222. 
Malpighia,  iYwm.  2.33. 
Malpighiacejk,  2l]i\ 
Malva,  X.  221. 
Malvace^,  220. 
Malvaviscu^,  222. 
Malve.«,  221. 
Mamillaria,  Haw.  276. 
Matnniee  apple,  228. 
Manchinecl,  339. 
Matichineel,  bastard, 

309. 
Mandragora,  Toum, 

314. 
Mandioc,  840. 
Mandrake,  810. 
Mangifera,  X.  247. 
Mango,  247. 
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Mangold-trurzrlf  331. 
Mangodeen^  228. 
Mangrove,  White,  321. 
Mangrove  f  2C2. 
Manilla  Hempy  378. 
Manna,  218,  2.>3,  3(V5. 
Manna  of  Mount  Sinai, 

218. 
JtfiipH  231. 
Maranta,  iYwm.  376. 
Marantack^,  370. 
Marattia,  Sm.  420. 
Marattik^,  420. 
Marcgraavia,  L.  226. 
Marcgraavie^,  226. 
Marchantia,  March, 

434. 

MARCHANTIACKiB,  434. 

Margosa,  234. 
Marigold,  21)3. 
Marisciis,  FnA/,  401, 
Mai-joram,  321. 
Marking-ntU,  247. 
Marlea,  7?ot6.  203. 
Marmalade^  236,  302. 
Marrubium,  i.  320. 
Marsdenia,  i2.  Br.  311. 
Marsh-mallow,  222. 
Marsilea,  Z.  427. 
Marsileack^.,  427. 
Martynia,  X.  323. 
Maruta,  Cam.  21)2. 
Marvel  of  Peru,  330. 
3/a«/M;,  547. 
JV/a/^,  303. 
i»fa<ico,  2U3,  348. 
Matricaria,  L.  292. 
Matthiola,  -R.  ^r. 

212. 
Maurondia,  0;-<«^.  327. 
Mauritia,  394. 
Mayacea?,  Ji88. 
Meadow  Saffron^  387. 
Meconella,  A'm^^.  207. 
Meconopsis,  Vig,  207. 
Medeola,  Gronov,  384. 
3ftfrftc,  2o2. 
Medinilla,  Oaudich, 

263. 
Jlf^dter,  258. 
Megacarpsea,  D,C*  206, 

211. 


Megaclinium,  Xm^/. 

372. 
Melaleuca,  X.  2o0. 
Melambo  hark,  276. 
Melampyrum,  X.  327. 
Melanorrhea,  Wall. 

2o7. 
Melanthace-e,  85. 
Melanthium,  X.  385. 
Melastoma,  X.  26.3. 

MELA8T0MACE.C,  26^1 

Melhania,  Forsk.  223. 
Melia,  X.  237. 
Meliaceje,  237. 
Melianthus,  X.  240. 
Melicocca,  231. 
Melilotus,  252. 
Meliosma,  Endl.  230. 
Mkliosme-k,  2:W. 
Melobusia,  Lamx.  447. 
iVe/oti,  274. 
Melosira,  ^(7^.  454. 
Mknispebmace^, 

201. 
Menispermum,  Toumef, 

201. 
Mentha,  X.  320. 
Mentzclia,  X.  275. 
Menyantiies,  X.  308. 
Morcurialis,  X.  3ii8. 
Mercury,  English, 

331. 
Mertenaia,  XT.  ^.  JT. 

344. 
Mertensia,  Willd.  419. 
Mesembryantha- 

ceje,  269. 
Mosembryanthemum, 

X.  209. 
Metrosideros,  i?.  ^r. 

259. 
Mespilus,  258. 
Mbtasperms,  357. 
Metroxylon,  394.  . 
Metzgeria,  Radd,  434. 
Mezereon,^^, 
Mezieria,  Gaud,  275. 
Michelia,  X.  199. 
Miconia,  DC.  263. 
Microcachrys,  360. 
Microcoleu3,  Desmaz. 

454. 


Miersia,  Lindl.  388. 
MignoftnetU,  213. 
Milk-warU,  2;n. 
1(0^^,  4a5. 
Mimoea,  X.  251. 
McMOSEiB,  261. 
Mimulu^,  X.  327. 
Mimuaops,  X.  «'I02. 
Jlf  III/,  320. 
MirabiUs,X.330. 
Mistletoe,  352. 
Mitrasacme,  LahiU.  306. 
Mitcha-mitcho,  237. 
Mitreola,  X.  30(). 
Mock-Orange,  267. 
Modecca,  X.  2f70. 

MOLLUGINEJE,  208. 

Moliugo,  X.  2(J8. 
Momurdica,  X.  273. 
Monacaiithus,  373. 
Mouarda,  321. 

MoN]MIACE^  200. 
Monkey-apple,  228. 
Monh'y-fHd  trees,  261. 
Monkshood,  197. 
Monnina,  i^utis  ^  Tax. 
232. 

Mo  N  OCHL  AMYBKJB, 

329. 

MONOCOTYLKDOXKS, 

367. 
Monodora,  Dun.  200. 
Monotaxis,i/r(/n^i.  .'V^. 
Monotropa,  i^W^.  2!j7. 

MONOTHOPEJB,  2i)7. 
Monsonia,  X,  238. 
Montia,  Michel.  269. 
Moon-seed,  201. 
Morchella,  1W7.  4G5. 
J»/orc/&,  4(56. 
Moreton-bay  IHne, 

360. 
Morinda,  Faifl.  23a 

MOR1XOACEJ£,  255. 

Morisia,  212. 
Moronobea,  Aubl.  2*27. 
Morua,  Toumef.  342. 
Mosses,  431. 
Mountain  Ash,  258. 
Moariria,  Jhss.  263. 
Moutabea,  Aubl.  232. 
Af  aroy  292. 
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Mucor,  Mich.  453. 
MrcoRiNi,  4o8. 
Mucuna,  Adans,  253. 
2kltidar,  310. 
Mulberry,  343. 
>Iii1inuin,  Pers,  278. 
MuOeiny  328. 
Mundita,  JTmti/A,  232. 
Munjeethy  287. 
ZVIusa,  Tmmef,  377. 
MusACEiE,  877. 
Muscari,  Toumef,  386. 
Musci,  431. 
MusciNE-as,  428. 
Mushroom^  4(52. 
Musk'plant,  327. 
Mitgtard,  212. 
Mustard'tree,  30G. 
MutiBia,  Z.^/.  291. 
Myanthud,  Lindl.  373. 
Myoporum,  -BA^.  4"  'So/. 

321. 
Myosotis,  Z.  318. 
Myrica,  X.  344. 
Mybicace-s,  344. 
Myricaria,  Desv.  218. 
Myrionema,  (?rcr. 

450. 
Myriophyllum,  Vaill, 

264. 
MyriotricLia,  Ilarv, 

450. 
Myristica;  X.  334. 

MYBISTICACEiE,  334. 

Mt/robalan,  2G2. 
Mvroxylon,  Mut.  254. 
JMyrrA,  248. 
Myrsixackjb,  301. 
Myrsine,  X.  301. 
Myrtack^b,  251). 
Mykte^,  259. 
Jtfyr^fe,  259. 
Mvrtufl,  Toumef. 
259. 

IRfYXOMYCETES,  470. 

Mvzodendroii;  Sol, 
352. 

Naiadace^,  380. 
Naias,  WiUd.  389. 
Napoleona,  Pa/.  267. 
NabcissejE;  378. 


Narcissus,  X.  378. 
Nardostachys,  DC.  288. 
Narthecium,  Maehrj 

3i)9 
Narthex,  -Fafc.  282. 
Nasturtimn.-R  Br, 

212. 
Natchnee,  406. 
Naviciila,  -Bory,  454. 
Nectandra,  i?o^//.  333. 
Nectarine y  258. 
Nectria,  JF>iV«,  4G8. 
Neem-ireey  234. 
Negundo,  AfcpwcA.  231. 
Nelumbiace-e,  204. 
Nelumbium,  Jusb. 

204. 
Nemophila,  Bartl, 

311. 
Neottia,  X.  375. 
Nepal  Barley,  405. 
Nepenthaceje,  335. 
Nepenthes,  X.  335. 
Nephelium,  X.  231. 
Nerium,  X.  308. 
Neroli,  236. 
JVc^tfi?  Orcfer,  341. 
Nettle,  Stinging,  342. 
NeUle-tree,  344. 
Neurada,  X.  257. 

NEUHADEiE,  257. 
New-Jersey  Tea,  246. 
Neto-Zealand  Flax, 

386. 
Nicotiana,  Toumef, 

314.  -^ 

Nidularia,  -FV*ie«,  464. 
Nigella,  Toumef.  196. 
Nightshade,  3ld. 
Nipa,  Humph.  895. 
NiteUa,  -^^.  444. 
Nitraria,  X.  233. 
Nolana,  X.  317. 

NOLANACEJS,  317. 
Nopal-plant,  277. 
Norfolk-Jsland  Pine, 

360. 
Noatoc,  Vouch .  452. 
NidliporeSf  448. 
Nuphar,  Smith,  204. 
Nut-galls,  351. 
Nutmeg,  334. 


Nutmegs,  Brazilian, 

3^33. 
Nuytsia,  JK.  -Br.  352. 
Nux-vomica,  306. 
Nyctaginace^,  330. 
Nvctanthes,  i/mw.  305. 
Nymphaea,  JVecA*.  203. 
NYMpn.«ACE^,  203. 
Nyssa,  G'royi.  263. 

OflA;  <ree«,  350. 
Oats,  405. 
Obolaria,  X.  803. 
OCHNACE^,  242. 
CEdogoxie^,  453. 
Quiogoniura,  Link, 

452. 
QCnanthe,  Lam.  280. 
(Enothera,  X.  264. 
Oil  of  Ben,  266. 
OilofBergamot,2S6. 
Oil  of  SpiJce,  320. 
Oi7  of  Palms,  394. 
Olacace^,  304. 
Old-man's  beard,  382. 
01denlandia,P.5r.287. 
Oldfieldia,  Benth.  343. 
Olea,  Tournef  305. 
Oleace^,  304. 
Ole^,  304. 
Oleander,  309. 
Olibanum,  248. 
OligomeriS;  Cambass. 

213. 
0/it?^,  305. 
0/tue  Seaweeds,  448. 
Omphalobiuni;  GaeHn, 

248. 
Onaorace^,  263. 
Oncoba,  Forsk.  214. 
Omon,  386. 
Onobrychis,  Toumef, 

252. 
Ooopordum,  X.  294. 
Opegrapha,  Pcr«.  469. 
Operculeuria,  -4.  i?/cA, 

267. 
Opbiocaiyon^  Schomh, 

2,'SO. 
Ophioglosse^,  420. 
Ophioglossum,  X. 

421. 
3a 
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Ophiopogron,  Ait.  886. 
Ophrys,  Staz.  371. 
Opium  Poppy,  207. 
Opoponax,  Kochj  282. 
Opuntia,  Tournef,  276. 
OflcA,331. 
(hanpe,  2ti5, 

ORCHIDACKiE,  369. 

Orchids,  300. 
Orchil,  470. 
Orchis,  X.  371. 
Oreodaphne,  Nees,  333. 
Origanum,  L.  320. 
Omitbogalum,  X.  380. 
Ornithopus,  X.  2^0. 
Ornus,  jPers.  305. 
Orobanchace^.,  324. 
Orobanche,  X.  324. 
Orontiacejk,  3J)6. 
Oroutium,  X.  3i)6. 
Or7*i8'i'oot,  381. 
Orthanthera,  Wight, 

311. 
Oryza,  X.  404. 
Osage  Orange,  .'^43. 
Oscillatoria,  ^o«c, 

454. 

OSCILLATOKIACEJE, 
453. 

Osiersy  346. 
Osmunda,  X.  420. 
OSMUNDEJE,  420. 
Ostrva,  Scop,  351. 
Osyris,  X.  3*53. 
Oftoof  Hoses,  258. 
Ouvirandra.  Thovars, 
890. 

OXALIDACE^,  237. 

Oxalis,  X.  237. 
Oxleya,  -4.  Cwnn.  236. 
Oj;lip,  301. 
Oxycoccus,  Touj^ef, 

^7. 
Oyster *hay  Pine,  361. 

Padina,  Adans,  449. 
Paeonia,  Tournef,  196. 
PiEONIE^,  196. 
Palissandt'e,  253. 
Paliurus,  Tou7*nef,  246. 
Palmace^,  391. 
Palmella,  ^^A.  452. 


Pfl/wM.  391. 
Palim/ra-woodf  394. 
Pampas-grass,  406. 
Panax,  X.  282. 
Paiicratium,  X.  378. 
Pandanaceje,  394. 
Pandane^,  395. 
Pandanus,  L./U,  395. 
Pandorina,  Ehrenb. 

455. 
Pangiace-b,  270. 
Pangium,  Heinw.  270. 
Panics^,  403. 
Panicum,  X.  403. 
Pansy,  217. 
Papaver,  Tournef,  205. 

PAPATERACEJE,  205, 

Pfl/HMc,  270. 
Papayacejs,  270. 
Papayrola,  Autd.  216. 
Paper-Muiberry,  343. 
Papilionaceje,  260. 
Pappea,  X;.  ($■  Z  231. 
Papyrus,  Willd.  401, 
Paraguay  Tea,  303. 
Pareira  hrava,  201. 
Parietales,  209. 
Parietaria,  Tournef, 
341. 

PAHTETARrKiE,  841. 

Paris,  X.  384. 
Parkeria,  Hook,  419. 
Parkeriks,  417. 
Parkia,  X.  251. 
Parmelia,  JV.  469. 
Parmentiera,  X)C.323. 
Parnassia,  X.  228. 
Paronychia,  Juss,  216. 

pAHONYCHIACEiK,  268. 
PARONYCHlEiE,  2i38. 

Paropsia,  Nor.  271. 
Parrotia,  C,  A,  Mey, 

278. 
Parsley,  282. 
Parsnep,  282. 
Partridge  canes,  3d^, 
Paspalum,  X.  406. 
Passiflora,  Juss.  270. 

pASSIFLORACRfi,  270. 

Passion^wers,  271. 
Pfl/cAoWi,  321. 
Patellaria,  Fries,  466. 


Paullinia,  X.  230. 
Pavia,  Boerh.  2:«. 
Pavonia,  Ore.  221. 
Peachy  258. 
Peach,  Sierra  Leo%e, 

287. 
iVfli-,  258. 
iV«,  253. 
Pedaliack£,  333. 
Pediastruni,  Meyen, 

454 
Pedicularis,  X.  328. 
Peranum,  X.  240,241. 
PeUrgonium^l/ertt 

Peliosanthes,  ddo. 
PeUitory  of  Spain,  292. 
PeniBa,  X.  340. 
Pen^acejb,  340. 
PeniciJlaria,  Aun/A,406. 
PeniciUium,  XA^  467. 
Penny-royal,  320. 
Pentaptera,  J2our6. 

262. 
Penthoram,  X.  267. 
PenUtemoni  HiriU 

327. 
Peperomia,  J2.  j-  P. 

348. 
Peplifl,  X.  266. 
Pepper,  347. 
Pepper-dulse,  448. 
Peppermint,  320. 
Peppers,  347. 
Peranospora,  X>e  P.  4-57. 
Pereskia,  Pfwrn.  276. 
Periploca,  X.  318. 
Persea,  3>««,  353. 
Persimmon,  803. 
Petaloidk£,  ;^. 
Petiverteje,  332. 
PetroseUnum.  Hoffm. 

282. 
Petunia,  Juss.  314. 
Peucedanum,  X.  282. 
Peziza,  Dill.  465. 
Phaca,  X.  2^)2. 
Phacidieje,  465. 
Ph^osporeje,  \'A 
Phajlaaidks,  403. 
Phalaris,  X.  403. 
Phallua,  X.  464. 
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Phanebooamia,  193. 
Pharbitis,  Chois.  312. 
Phascum,  X.  432. 
Phaaeolus,  L.  250, 252. 

PHIUiDELPUEJE,  266. 

Philadelphus,  L.  267. 

PHrLBSIACR^,  383. 

Phillyrea,  Tow-nef,  305. 
Philoidendron;  Schott, 

397, 
Phii^ydbace^,  388. 
Phleum,  i.  406. 
Phlomisy  X.  320. 
Phlox,  X.  811. 
Phoenix,  X.  391. 
Phormium,  Forgt.  386. 
Phragmites,  X.  406. 
Phryma,  X.  321. 
Phjtsomycetefl,  4oo. 
Phyllanthus,  X.  338. 
PhyllocactiiB,  Link, 

in. 

PhyllocladuSyX.  C.Bich, 

361. 
PhylloglossEum,  Kume, 

424. 
Phyllophora,  Grev,  447. 
PhysaJja,  X.  314. 
Physarum,  Pers.  470. 
Phy80calyinna,X)(7. 265. 
PhysostemoD,  Mart 

212. 
Physostigma^  253. 
Phytelephaa,  B.  ^  P. 

Phyteuma,  X.  295. 
Phytocrenace^,  343. 
Phytocrene,  WaU.  343. 
Phytolaccace^,  332. 
Pay  tophthora,  DeBan/f 

457. 
Piasaaba,  394. 
Picrasna,  EndL  242. 
Picrasma,  Blume,  242. 
Pigeon-Peaa,  243. 
Pilea,  Xtn^.  341. 
Pilobolus,  TodS,  458. 
Pilostjles,  GuiU.  3oQ. 
Pilularia,  X.  427. 
Pimelea,  Banks  ^  Sol, 

335. 
Pimento,  260. 


Pimpinella,  X)C.  282. 

PiNACEiB,  358. 

Pinckneya,  B'ch.  287. 
Pine-apple^  382. 
Pr'n^y  Dammar,  225. 
Pinp^icula,  Towmef. 

328. 
HnAw,  219. 
PinuB,  X.  358. 
Piper,  X.  348. 

PlPEBACE^,  347. 

Piriqueta,  A^l.  271. 
Piscidia,  X.  253. 
Pisonia,  Plum.  330. 
Pidachio-^tU,  247. 
Pistacia,  X.  247. 
Pistia,  X.  397. 
Pisum,  X.  250. 
Pitonthread,  379. 
Pitcairnia,  Zf^ni^.  381. 
PrfcA,  361. 
Pitch^r-plantB,  205, 
335. 

PlTTOflPORACE^,  243. 

Pittosporum,  Soland, 

243. 
Pi^u/y,  316. 
Plagiochasma,  Lehm, 

434. 
Plagiosperhe^,  273. 
Plane,  344. 
Planera,  6rm?/.  344. 
PlantaginaceuE,  298. 
Plantaffo,  X.  298. 
Plantain,  377. 
Platanacrjb,  344. 
PlatoDUS,  X.  344. 
PlatystemoD,  Benth, 

207. 
Platytheca,  /S5f<?e/2,  233. 
Pleurandra,  Xa6ii7. 198. 
Plocamitun,  Grev.  447. 
Plocaria,  Nees,  447. 
P/ttm,  258. 

Plumbaqinacejs,  299. 
Plumbago,  Toum.  299. 
Plume-mutmega,  334. 
Poa,  X.  40(5. 
POACEJB,  4'J6. 
Podocarpus,  lJB.6r„ 

361. 
Podophyllum,  X.  202. 


PODOSTEMACE^,  349. 

Poison-Elder,  247. 
PoUonHftut,  309. 
/\)Moi*-OflA;,  247. 
Polanisia,  Raf,  212. 

POLEMONIACEJE,  311. 

Polemonium,  Toumef, 
311.  -^ 

Polyanthee,  Gled,  386. 
Polyanthus,  301. 
PolyblaBtia,  Masaal.  469. 
Polycarpon,  Xce^.  268. 
Poljgala,  X.  232. 

POLYQALACE^,  231. 
POLYGONACE^,  329. 

Polygonum,  X.  329. 

PoLYPETALiE,  193. 
POLYPODIE«J,  419. 

Polypodium,  X.  419. 

POLYPOBE^,  462. 
Polyporus,  Mich.  462. 
Polysiphonia,  Grev, 

447. 
Polytrichum,  X.  432. 
PoME^,  257. 
Potne^-anate,  259,  271. 
Pompelmoose,  235. 
Pondweeds,  389. 

PONTEDEBACE^,  387. 

Poplars,  346. 
Pop/3y,  206. 
Populus,  X.  346. 
Porcupine-wood,  394. 
Porphyra,  -4^A.  447. 

POBPHYBEJB,  447. 

Portulaca,  Toumef 
269. 

POBTULACACE^,  269. 

Potalia,  -4u*/.  306. 
Potamogeton,  X.  389. 
Poteto,  816. 
Potato-fungus,  458. 
Potentilla,  X.  257» 

POTENTIIiLIBiE,  257. 

Poterium,  X.  267. 
Pothos,  X.  :»6. 
iV*c%^M,  241. 
Prickly  Pear,  277. 
Primrose,  301. 
Primula,  X.  300. 

pBIlfULACEif!,  299. 

Prince's  Feathers,  33? 

dA2 
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Prinos,  X.  303. 
IMntzia,  Cass,  293. 
Pi-ivct,  tVX'i, 

l*ROt'IUDE-«,  341. 

Prosopis,  L.  2ol,  255. 
Trotea,  L.  330. 

PROTEACEJE,  tii](\. 
PROTOPHYTA,  ISO. 

PruneUa,  X.  .'J20. 
I*riinu8,  L.  257. 
Psidium,  Z.  250. 
Pdilotum,  Stc.  424. 
PiTvxhotria,  X.  287. 
Ptelea,  X.241. 
Pterifl,  X.  419. 
Pterisanthes,  Blum, 

243. 
Pterocarpus,  X.  253. 
Pterospora,  Xutt.  297. 
Puccinia,  Pn's,  400. 
Puccoofi,  207. 
Pueraria,  DC.  253. 
Puff-baUs,  404. 
Pit/^u^,  379. 
i\i/«^«,  252. 
Pumpkirif  27 A, 
Punctaria,  Grev,  450. 
Punica,  X.  259. 
Purging-nuty  340. 
Parple-heart^  254. 
Purslane,  2(»9. 
Putty-rooty  374. 
Pycnophycus,  XTute. 

449. 
Pyrenomycetes,  408. 
Pyrethrum,  Gcertn, 

^292. 
Pyrola,  Tountrf,  297. 
Pyrole^,  297. 
PvTus,  XfVid/.  257. 
Pytliium,  Pringsh..  450. 
Pvxidanthera,  AfwT/. 

311. 

Qualea,  ^u&/.  201. 
Quandang-ntU,  353. 
Quassia,  242. 
Quassia,  X.  242. 
Quercitron,  351. 
Quercus,  X.  350. 
Quillaia,  A/o/.  257. 
QUILI.AL£|  257. 


Quinas,  241. 
Quince f  258. 
Qui^ualis,  Humph, 

202. 
Qm^cA,  400. 

Radiola,  2)t7?<-w.  230. 
i?flr//«^,  212. 
Kafflesia,  M.  Br.  355. 
Kafflesiaceje,  354. 
Raisins,  254. 
liamalina,  ^c^.  409. 
Ramhutan,  231. 
Rampion,  295. 
Ranunculace-e, 
195. 

RANUNCn.EJE,  190. 

Ranunculus,  X.  li)G. 
iirt/Mj,  212. 
Raphanus,  Toui^nef, 

210. 
Raspberry,  258. 
i^a^fl,  200. 
Ravenala,  Adans.  377. 

liEAUMUBlACEiE,  229. 

i?-rf  Ofdar,  301. 
iZ^'ef  RaUle,  328. 
i2^(/  Sandalwood,  253. 
i2^c?  Seaweeds,  440. 
i^rf  iSnow,  453. 
ii^^-rf,  400. 
Reindeer  Moss,  470. 
Reseda,  X.  213. 
Reseda  CEiE,  213. 
Resin,  301. 
Restiace^,  400. 
Restio,  X.  400. 
Reticularia,  JJtt//.  471. 
Rhamnaceje,  240. 
Rhamnus,  Juss.  240. 
Rhapis,  X.  /?/.  iiOl. 
Rhutany,  2;i3. 
J?/i^a  A^^-,  342. 
Rheuin,  X.  329. 
Rhexia,  AW<.  203. 
Rhinanthus,  X.  327. 
Rhipsalis,  GtsHn, 

270. 
Rhizobole^,  220. 

RHtZOCARPE-flS,  420. 

Rhizoqens,  187. 
Rhizophora,  Lam,  201. 


Rhizophorace^,  201. 
Rhizupu:^,  459. 
Rhododendron,  X.  2tV. 
Rhodoleia,  Champ, 

278. 
Rbodomela,  -<4^A.  447. 
Rhoi>omrl£^.  447. 
Ruodore^,  297. 

liH  01>0SP£BMEJS, 

440. 
RhodTmenia,  Mont, 

448. 
Rhubm-h,  829. 
Rhus,  X.  247. 
Ribes,  X.  276. 

RiBESIACKJE,  276. 
Riccia,  Mich.  4^5. 
RicciACK-E,  434. 
iJib^,  405. 
Rice-jiaper,  283. 
Richardia,  ^ufUA, 

;Ji»0. 
Richardsonia,  Kunth, 

287. 
Ricinus,  Toumef.  ^>*^- 
Rinna,  JYuwi.  ;>S32. 
Rivularia,  i?o/A,  454. 
Road-tceed,  298. 
Robinia,  252. 
Rocainbole,  .**^. 
Roccella,  X)C.  469. 
J?ocA;  i2o«f«,  214. 
Rondeletia,  Bl,  287. 
Rosa,  Toumef.  257. 
RoSACEiE,  2i5. 
RosE^,  257. 
Rose-apfdes,  260. 
Rosemary,  321. 
Roses,  258. 
Rosewood,  253. 
RosiD^,  257. 
RosmariniLs,  X.  320. 
Rottlera,  i2tu*.  338, 

340. 
RoupelKa,  TFafl.  309. 

ROX  BURGHlACEiE, 

Royena,  X.  302. 
Rubia,  Toumef,  286, 

287. 

RuBIACEiE,  285. 

Rubus,  X.  257. 
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I{ueUia,.-il>2. 
Kuinex,  L,  320. 
Kuppia,  X.  .*]89. 
Huaciid,  Tounief, 

Rushes,  u99. 

J2i/*'«,  401. 

Kuta,  Toumef.  241. 

KUTACE^,  240. 

7<y<?,  405. 
Mye-grass,  400. 

SabadiUa,  387. 
Sabal,  ^e/a7w.  301. 
S  vBiACE^.,  202,  247. 

SACCIIAR0MYCE8, 

472. 
Saccharum,  L.  405. 
Sa flower,  203. 
Saffron,  iiSl. 
iSagapenum,  282. 
i&fi/^^,  321. 

Sa^eretia,  Brongn,  246. 
Sagina,  X.  210. 
Sagittaria,  Z.  380. 
Sago-paims,  301. 
Sago'plantSf  306. 
Saguerui^,  JRumph.  304. 
SiiguSy  Gcertn.  301. 
Samtfoin,  2o2, 
Salep,  374. 
Salicack^,  ;34o. 
Salicine,  'MkS. 
Salicornia,  TWnt. 

Salidburia,  iSui.  361. 
Salix,  X.  345. 
Sallows,  :U5. 
Salomonia,  Xour.  232. 
Salsafy,  203. 
SaLjola,  i.  331. 
Salvadorace-«,  305. 
Salvertia,  St.-Hil, 

261. 
Salvia,  X.  320. 
Salvima,  JficA.  427. 
SambuciLB,  Tourn.  285. 
Samolus,  Toiinitf/'.  300. 
Samphire,  282. 
Samydace^,  271. 
Sandal-ioood,  3o3. 


Sandal-wood,  red,  361. 
Sanditrac,  301. 
Sanguinaria,  X)t//.  207. 
Sanguisorbe^,  257. 
Sanicula,  Toumef, 

270. 
Sanseviera,  Thunb, 

386. 
Santalace^,  353. 
Santalum,  L.  353. 
Sap-green,  246. 
Sapindacejb,  220. 
Sapinde^,  230. 
Sapindus,  X.  230. 
SapodiUa-plumf  302. 
Saponaria,  X.  210. 
Saponine,  220. 
Sapotace^e,  ^K)2. 
Sapria,  Griff.  ^355. 
Saproleqnie^,  455. 
Sapucaga^nuts,  20 1. 
Sarcina,  Goodsir,  471. 
Sarcocephaliis,  287. 
Sarcocot,  340. 
SarcocoUa,  iG^^.  340. 
Sarcophyte,  Sparrm, 

3t>3. 
Sargassiim,  JRumph, 

440. 
Sarracenia,  X.  205. 
Sarraceniace-^,  205. 
SarsapariUu,  ;j84. 
SarsapariUa,  wild, 

283. 
Sassafras,  iV<»^«,  333. 
Sassafras,  333. 
Satin-wood,  JE.  L  235. 
Sauraja,  Jri/W.  226. 
Sauraje^e,  226. 
Saiu'idia,  jyarp.  .*i70. 
Saururace^,  348. 
Saurunip,  X.  .*i48. 
Sauvagesiace^, 

217. 
Savine,  361. 
iSiipoiy,  321 . 
Saxifraga,  X.  205. 
Saxifragacbje,  265. 
Saxifrages,  206. 
Scabiosa,  Rom,  <$- 

iSbAti/^.  288. 
Scale-Mosses,  433. 


Sca9vola,  X.  205. 
Scammony,  312. 
Scaphopetalum,  itf<M^ 

223. 
Scarlet  Runner  Beans, 

252. 
Scepace^,  340. 
Scheuchzeria,  X.  380. 
Schleichera,  JrtVW.231. 
Schmidelia,  Murr,  231. 
Sciadopitys,  A\  (Jr  Z,  oOO. 
Schinus,  i.  247. 
Schizaea,  Smith,  420. 
ScHiz^E^,  420. 
Scbizandra,  X.  C.  i2/cA, 

202. 

SCHIZAXDRACE^, 
202. 

Schizanthus,  R.  8f  P. 
333. 

ScniZOMYCETES,  471, 

Sckizopetalon,  Hook, 

211. 
Scliobeiia,  Moq,  331, 
Schoenus,  X.  400. 
Schweinitzia,  X//. 

207. 
Scilla,  X.  884. 
/S5e/o  Turpentine,  247. 
Scirpus,  X.  401. 

SCLERANTHE^,  268. 

Scleranthus,  X.  268. 
Sclerolobiiun,  Vog,  251. 
Scolopendriiim,  Smith, 

410. 
Scorodosina,j5uii^g,282. 
Scorzonera,  X.  203. 
iSfcoteA  Fir,  358. 
«S!er<^u?  Pines,  305. 
Scrophualaria,  Toumef, 

326. 

SCROPHULARIACKSy 

325 
iSiTw6fty  OaA;,  225. 
Sea-Buckthorn,  336. 
Sea-Kale,  212. 
Seaweeds,  436. 
/&•«-  ^rflcA«,  440. 
Sechium,  P.  J?r.  273. 
Securidaca,  X.  232. 
Sedges,  400. 
Sedum,  X.  267. 
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SVLAQISACEXf  *S21. 
Selaginella,  Spring. 

425. 
Selago,  X.  322. 
Selliera,  Cav,  294. 
SemecarpuB,  L.  247. 
Semen  contra^  292. 
Semperviviun,  i.  267, 

268. 
Senecio,  Less*  293. 
^SSsnna,  2d4. 
Sequoia,  Endl,  360. 
Sesamiun,  X.  328. 
Sesuyiimi,  X.  2(59. 
Setaria,  X.  403. 
&t7iZfe  Oran^^,  235. 
Shallot,  386. 
iSAo^o,  406. 
Shamooh,  406. 
iSA^a,  302. 
Shorea,  Hoxh.  225. 
Sicyoe,  X.  273. 
Sida,X.  221. 
Silene,  X.  219. 

SiLENEiB,  219. 

Silk-cutton  trees, 

222. 
Silk-weeds,  451. 
Silver-Fir,  360. 
Simaba^  ^t/6/.  242. 
Simaruba,  ^t/R  242. 

SlMARUBACE^,  242. 

Sinapis,  Toumef. 

212. 
Stnghara-ntd,  264. 
Sipnocampylus,  PoA/, 

294. 
Siphonia,  -&tfn<A.  339. 
Sisyrinchium,  X.  381. 
Sizygites,  Tul,  4o8. 
iSJfctmA;  Cabbage,  397. 
Smeathmamiia;  Soland, 

270. 
Smilacrb,  383. 
Smilacina,  X>^i9f.  385. 
Smilax,  X.  384. 
Smithia,  Ait.  252. 
Snake-gourdj  274. 
Snake-nut,  230. 
Snap-dragon,  327. 
Snow-berry,  285. 
Snowdrop,  379. 


Snowdrop-tree,  304. 
Snow-flake,  379. 
Soap-root,  220. 
Soap-worts^  229. 
SobraUa,  374. 

SOLANACEiE,  313. 

Solanum,  X.  314. 
Soldanella,  X.  301. 
Solenostemma,  Heyne, 

310. 
SoUya,  XtVir//.  243. 
Solomons  Seal,  liSQ. 
Sophora,  X.  250,  253. 
Sorghum,  Per«.  403. 
&)rr<»/,  329. 
Sottari-nuts^  227. 
Sour-sops,  200. 
Southernwood,  292. 

SPADICIFLORJB,  890. 

SptBtlum,  269. 
Sparganium,  X.  369. 
Sparmanma,  X.  225. 
Spathularia,  Per*.  466. 
Spatvlum,  269. 
Specularia,  ^e^'s^.  295. 
Speedwell,  328. 
i$iue2^,  406. 
Spergula,  X.  268. 
Sperinacoce,  X.  286. 
SphaDiia,  X.  468. 
SphserocarpuB,  JftcA. 

435. 
Sph^rococce^, 

447. 
Sphserococcufl,  Grev, 

U7. 
Sphaerophoron,  Pers, 

469. 
Sphaeroplea,  Agh.  452. 
Sphaerostemma,  Blum, 

202. 
Sphagnaceje,  432. 
Sphagnum,  Dillen,  432. 
Spider-worts,  387. 
Spiffelia,  X.  306. 
-Sip^«,  oil  of,  820. 
Spikenard,  288. 
iS^tnacA,  331. 
Spinach,  Neu?-Zealand, 

269. 
Spinacia,  Toumef, 

331. 


Spindl&4ree,  245. 
SpiiaBa,  X.  257. 
SPIR^IDiE,  257. 
Spirilla,  J7(t»«.  471. 
Spirogyra,  Xm/:, 

452. 
Splachnum,  X.  432. 
^Ut-Mosses,  4:^2. 
Spondias,  X.  247. 
Spondie»,  247. 
Spruce  Fir,  m^,  ^ 
Spumana,  Pers.  470. 
Spurge  Laurel,  335. 
1^^,  386. 
Staa^ia,  Thumb.  278. 
Stachys,  Benth.  320. 
Stackhoubiace^, 

245. 
Stagmaria,  Jack,  247. 
Stangeria,  Moore, 

365. 
Stapelia,  X.  310. 
Staphylea,  X.231. 
Staphyleacsje, 

231. 
iS^oi^^ntVe,  199. 
SS^-afpi<-,  302. 
Slar-woH,  349. 
Statice,  X.  329. 
Stauntonia,  DC.  202. 
Stavesaere,  198. 
SteUaria,  X.  219. 

STELLAT.S,  287. 

Stemonitis,  Qled, 

471. 
StephaDosphffiraf  Co^fl, 

4o5. 
Sterculia,  X.  223. 

STERClTLIACBiB,  223. 
SXERCULlEiB,  223. 

Stereocaulon,  Schrth. 

469. 
Sternbergia,  Artis,  370. 
Sticta,  Schreb.  4(9. 
Stictis,  Pfr«.  465. 
Stigmatia,  JW«,  468. 
Sl.-Jgnatius's  Bean, 

307. 
Stilaginacb-e,  343. 
Stilago,  X.  843. 
Stilbe,  ^«y.321, 
Stillingia,  340. 
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Stingmg-netOe,  M2. 
Stink-horns,  464. 
Stipa,  Z.  404. 
St..  Jokna-tcort,  228. 
St^H^k,  212. 
Stone-crop,  268; 
StoM-pme,  360. 
SUn'ox-gum,  304. 
Storax,  liquid,  278. 
Sb'osburg  Turpentine, 

361. 
Stratiotea,  X.  382. 
Strawberry,  258. 
StreliUia,  ^an/r^,  377. 
Streptanthus,  Au<^.  212. 
Streptocarpus,  Lindl, 

324. 
Streptoc}i8Bta,-y<?««,404. 
Striga,  Lour,  327. 
Stringy-beaks,  260. 
Strychnine,  307. 
Stiychnos,  X.  306. 
Stuartia,  Catesby,  227. 
Styi-idiacke,  294. 
StyUdium,  «U7.  294. 
Stybacaceje,  303. 
Styrax,  Tournef,  303. 
Subularia,  Adans.  21 1. 
Succory,  293. 
Sugar-cane,  405. 
Sumach,  247. 
Sumbul,  282. 
Sundews,  215. 
Sun-flower,  293. 
Smv-hemp,  222. 
Sutnnam  Medlai',  302. 
Swamp  Pine,  360. 
Swartzia,  rTt/W.  2.':0. 
SweetAeaf,  304. 
iS'ii7g/?<  Potato,  312. 
Sweet-sop,  200. 
<Sirc^^  Vernal  Grass, 

406. 
iSiw<?<  Ho^rf,  216. 
iS-iw^i  William,  220. 
Swietenia,  JS.  2.'>4. 
Sycamore-^ g,  343. 
Syinphoricarpufi,  i)iVi. 

'28o. 
S3niiphytum,  Z.  318. 
Symplocarpus,  Schult, 

397. 


Sjmplocos,  tTac^'.  304. 
Synobnesia,  292. 
Synbporb^,  4o3. 
Syringa,  X.  305. 
Seringa,  207. 

Tabasheer,  407. 
Tabemsemoatana; 

iYuw.  309. 
TVicamo^fica,  228. 
Tacca,  i'Virf.  369. 
Taccace^,  368. 
Tacsonia,  «/us^.  271. 
TaliDum,  AduKs.  269. 
TaUow-tree,  340. 
Tamaricace^,  217. 
Tamarind,  2o4. 
Tamarind-phvn,  254. 
Tamarindus,  Z.  251. 
Tamarisk,  217. 
Tamarix,  Z.  217. 
Tamus,  Z.  369. 
Tanghinia,  TAouars, 

309. 
jTaw^fe,  451 . 
Taenia,  J!  -4^A.  449. 
Tapioca,  .*M0. 
TVira,  397. 

Taraxacum,  iTum.  291. 
Tarragon,  292. 
Tasmannia,  i2.  ^r. 

199. 
Taxace^,  361. 
Taxodium,  Z.  C.  Bich, 

358. 
Taxus,  Z.  361. 
Tea,  22Q. 
Tea,  Cape  of  Good 

Hope,  293. 
Tea,  Paraguay,  303. 
Tea,  Panatna,  227. 
r^foA;,  321. 
Teazel,  288. 
Tecoma,  Jum.  323. 
Tectona,  Z.  321. 
7Vf,  406. 

Tephrosia,  Pers.  253. 
Terebinthace.b,  246. 
Terminalia,  Z.  262. 
TeumixaliejB,  202. 
Ternstroeraia,  Mart. 

226. 


TERN8TRCEMIACB.E, 

226. 

T£RN8TB(EMIE^,  226. 

Testudinaria,  SaUsb. 

369. 
TetiUa,  2)C.  267. 
Tetracellion,  rM;r5.211. 
Tetragonia,  Z.  269. 
Tetrameles,  H.  Br.  27 o, 
Tetranthera,  Jacq.  3.'^3. 
Tetrapanax,  C.  Koch, 

28«'i. 
TetrapathfiBa,  DC.  270. 
Tetraphis,  Hedio.  432. 
Tetraspora,  Dec.  452. 
Tetratheca,  Smith,  233. 
Teucriimi,  Z.  320. 
Thalamiflor^,  195. 
Thalictrum,  Tournef. 

196. 

THALL0aENS,411. 

Thallophyta,  408, 

411,4*35. 
Thamnochortus,  Berg. 

400.  -^ 

Thapt'ia,  Z.  280. 
Thea,  Z.  226. 
Thelai^is,  Blume,  371. 
Thelidium,  Massal.  470. 
Thelymitra,  i'b;-*^  371. 
Theobroma,  Z.  224. 
Theophrasta,  t7uM.301. 
Thesium,  Z.  353. 
Thismia,  Gnff.  374. 
rAM^^f«,  293. 
Thladiantha,  Bunge, 

273. 
Thomasia,  Gay,  £23. 
Thorn-apple,  316. 
rAn/iJ,  299. 
Thuja,  Tournef.  358. 
Thunb  jrgia,  Z.  322. 
T/^ym^,  320. 
Thymelaceje,  335 
Thymus,  Z.  320. 
Ticorea,  Aubl.  241. 
Tigridia,  Jim*.  381, 
l^iia,  Z.  224. 
TiLiACE^,  224. 
Tillaea,  Mich.  267. 
Tillandsia,  Z.  ;W1. 
Tilletia,  Ti*/.  461. 
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Tinospora,  Mt'ers,  201. 
TmenipteiiSy  Berkh, 

424., 
Toad'fax,  32?^. 
Toadstools  f  46^3. 
Tobaccof  iilC. 
Tociissoy  400. 
Toddalia,  Juss.  241. 

TODDALIE-fC,  241. 

Todea,  WtUd,  420. 
Toljpella,  Brautif  444. 
Tomato,  ^317. 
Tonka-bean,  '2i)i\, 
Torreya,  ^rn.  ;>(^1. 
Tournefortia,  i2.  -ff/\ 

ai8. 

Tous^eS'-moiSf  1^77, 
Trachylobium,  2o4. 
Tradescantia,  L.  .*]S7. 
TraffacanfJi,  224,  2o3. 
Tragopogon,  Z.  20^. 
Trapa,  L.  204. 
7V<?«  <>/*  heaven,  242. 
Tremandra,  7?.  -Sr.  2;i;\ 
Tremandrace^,  2;W. 
TremeUa,  Dt//.  402. 
Tremelle;k,  402. 
Trianosperma,  Torr.  (J* 

6^.273. 
Tribuluf.,  Toumef,  240. 
Tricera^tes,  Pt'esl,  276, 
Trichia,Zrrt//,4ri. 
Trichilia,  2,*34. 
Trichocladu5,  Pers,  278. 
Trichocolea,  3>^/»,  434. 
TrichomaneSy  IWsl, 

419. 
Tricliosanthe.«»,  L.  274. 
Trichostomum,  Hcdw, 

432. 
Tiientalis,Z.304. 
Trifolium,  X.  2oL 
TriglochiD,  L,  V.^':>. 
TrilUum,  MUl.  384. 
Trio8teum,  Adam,  285. 
Ti'ipe-de-roche,  470. 
Tripsacum,  Z.  400. 
Triptolomea,  Jfar^.  253. 
Triticum,  Z.  404. 
Triumfetta,  Plum, 

224. 

TBOP^OLACEiE,  239, 


Troppeolum,  Z.  2,*^. 
7rw^.s,  408. 
Tnimpet-li/i/f  r.07. 
Tuber,  3Zc^.  407. 

TCBEBE^,  407. 
Tuberose,  ;i87. 

TUBULIFLOB-S,  200. 

Tulipa,  Tourwf.  ;i84. 
Tuiiji-tree,  200. 
Tupa,  G^.  iJrm,  294. 
Turkey-red,  240. 
Turmeric,  370. 
Turnera,  P/um.  271. 

TuRNERACE-fi,  271. 

rM/7ii/?,212. 
Tumsoie,  340. 
Tm-penthie,  301. 
Tussac-grasSy  40(5. 
Tussilago,  Toumef, 

293. 
Tylophora,  i?.  5r.  310. 
Typha,  Z.  :i95. 
TyphacewE,  395. 

Udora,  iVw«.  382. 
U11UCU8,  Loz.  332. 
Ulmaceje,  344. 
Ulme^,  344. 
IJlmus,  Z.  344. 
Ulva,  Affh,  452. 
Umbellifer-k,  278. 
Urabilicaria,  Huffm, 

40$). 
Uncaria,  Bttrch,  287. 
Unicellulares, 

4^')2. 
r;M«  ^i^M^<«,  307. 
Upas-tree,  ^543. 
Urceola,  Roxb,  801. 
Uredine^e,  459, 
Uredo,  P^<».  400. 
Urena,  Z.  221 . 
Urene-e,  221. 
Urera,  Gaud.  341, 
Urere-*,  341. 
Urginea,  Kunth,  380. 
Uroniyces,  Link,  400. 
Urtica,  Toumef.  ;342. 
Urticace.e,  341. 
Usteria,  H^i^rf.  306. 

UsTILAGINEiE,  461, 

Ubtilago,i>r«.  401. 


Utriculaiia,  Z.  328. 
Uvorursi,  2S)7. 
Uvulaiia,  Z.  387. 

Vaccinie^,  290. 
Vaccinium,  Z.  296. 
Valerian,  288. 
Valeriana,  Xeck.  288. 
Valerianace-«, 

288. 
Vallisneria,  Mich. 

38*^ 
ro/o^ia,  351. 
Vanilla,  Sw.  374. 
Vascular  Crypto- 

QAMS,  409. 
Valeria,  Z.  22.5. 
Vaucheria,  DC,  4o2. 
Vegetable  Ivory,  ;394. 
Veget4tble  Marrow, 

274. 
Vella,'212. 
Vellozia,  .Iforf.  380. 
Venice  Turpentine, 

361. 
Ventilayo,  Gart,  24a 
Ventiuia,  3fO<.  468. 
Venus  8  Flytrap,  215. 
Veratrum,  Toumef. 

385. 
Verbascum,  Z.  326. 
Verbena,  Z.  321. 
Verbenace-«,  321 . 
Verbenrje,321. 
Vernal-grass,  406. 
Veronica,  Z.  328. 
Vernicaria,  P«'«.  469. 
Vervain,  321. 
rtf<2  w^,  4oa 
Vibriones,  471. 
Viburnum,  Z.  285. 
Vicia,  Z.  253. 
Victoria,  Zwd7.  204. 
Villanda,  Vent,  308. 
Vinca,  Z.  308. 
Vincetoxicum,  Mcrnck, 

309. 
FtVie  MUdew,  466. 
FtW*,  244. 
Viola,  Z.  216,  217. 

ViOLACEJB,  215. 

ViolH,  217. 
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Virginia  Creeper^  244. 
Viryinian  Snake-  root, 

Virola,  Aubl.  334. 
Viacirm,  Toumef.  352. 
Vifltnia,  VelloZy  228. 
VlTACE^U,  243. 

Vitex,  L,  321, 
Vitis,  i.  243. 

VlVIANACE^,  239. 

Vochysia,  Juss.  262. 

V0CHY81ACE.«,  202. 

Volvocinika:,  4»jo. 
Volvox,  Xam.  4oo, 
Voyra,  308. 

Wachendorfia,  383. 

Wall-fwver,  212. 

TValnut,  im, 
Waltheria,  L.  223. 

Wampee,  23i). 

TFiirre^,  40(3. 

Water-heaiiSj  204. 

Water-chestrndy  204. 

Water-cress,  212. 

Water-hemloch,  281. 

Water-lilies,  203. 

Water-peppers  J  229. 

Water-weed,  383. 

fFoa'-.^yr//^,  344. 

jrc/«/,  214. 

WeUiniftimia,  300. 

Welwitschia,  Uook.f, 
363. 


Wermuthy  292. 
fTA^a^,  405. 
Whorileherryi  297. 
Wig-nlant,U7, 
W'illdenovia,  Thutib, 

400. 
TTtY/oM'*,  340. 
"VN'illiighbeia,  Batsch, 

309. 
Winter  Accnite,  198. 
Winter-ffreen,  297. 
jri«<er*«  6flrA,  199. 

WiNTERK-E,  1 99. 

Witch-Hazel,  277. 
JP'oo</,  212. 
Wollfia,  .'.98. 
Wood-ml,  23o. 
Wuod-SorreU,  237. 
Waoralia,  307. 
^w-m-(r«<frf,  ;331. 
Wormwood,  292. 
Wiightia,  i?.  2?r.  3C9. 
Tf>/j  -E/m,  44. 

Xanthochymus,  22oa*6. 

227. 
Xanthophyllum,  JKoxJ. 

232. 
Xanthorrhoea,  /$m. 

380. 

XANTHOXYLACEiE, 
241. 

Xanthoxylese,  241. 


XanthoxyloD,  Kunth, 

241. 
Xerotes,  i2.  J?r.  .399. 
Xylaria,  Per*.  408. 
Xylophylla,  X.  338. 
Xylopia,  X.  200. 
Xyridace^.,  387. 
Xyi-ifl,  Z.  387. 

ram«,  309. 
Yeast-plant,  4t72. 
Yellow  Rattle,  328. 
Yellauyroot,  198. 
Yellow-wood,  235. 
rifW7  <r^«,  302. 
Yucca,  i.  38. 

Zalacca,  Blume,  394. 
Zamia,  X.  305. 
Zannichellia,  Mich» 

389. 
Zea,  L.  405. 
Zebra-wood,  247,  288. 
Zedocay,  370. 
Zingiber,  Oeertn,  375. 

ZlNQIBERACB^,  375, 

Zinnia,  Z.  298. 
Zizania,  Gr.  400. 
Zizyphus,  Tvumef, 

240. 
Zostera,  i.  389. 
Zygophyllace^,  240. 
Zygophyllum,  L,  240. 
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Abaxial  embryo,  157. 
Abbreviatory  marks,  180. 
Abortion,  93. 
Abruptly  pinnate,  63. 
Absorption,  562. 
Acaulescent,  22. 
Accrescent  calyx,  109. 
Aoeumbent  cotyledons, 

167. 
Acerose,  58. 
Achienium,  145. 
Achlamydeous,  93,  116. 
Acids,  organic,  578. 
Acrobrya,  526. 
Acrogens,  stems  of,  526. 
Acalei,  (^. 
Acuminate,  59. 
Acute,  59. 
Acyclic,  89. 
Adherent,  98. 
Adhesion,  85,  92,  97, 130. 
Adnate  anther,  121. 

stipules,  [<i. 

Adventitious  buds,  70, 

602. 
roote,  17,  18,  537, 

598. 
Aerial  roots,  19. 

system,  523. 

.«:stivation,  72,  104. 
Agamogenesis,  622. 
Age  of  planU,  54(5. 
Air-canals,  523. 
AIbb,  111. 
Alate,  52. 

Albumen  of  seeds,  154. 
Alburnum,  532. 
Aleurone,  500. 
Algae,  morphology  of, 

436. 

,  reproduction  of, 

438. 
Alternate,  42. 
Alternation,  91. 

of  growth,  612. 

of  generation,  622. 

Altemipinnate,  63. 


Altitude,  regions  of,  672. 

Amber,  699. 

Amentum,  78. 

Amniotic  sac,  156. 

Amphigastria,  433. 

Amphitropous,  138. 

Araplexicaul,  58. 

Amyloid,  491. 

Anatomy,  how  to  study,  5. 

of  leaves,  539. 

of  roots,  533. 

of  stems,  525. 

Anatropous,  138. 

Andro-moncecious,  637. 

Andro-dicecious,  637. 

Androecium,  11,  119. 

Androphore,  707. 

Androspores,  441. 

Angiospermia,  12,  193. 

,  o\'ule8  of,  630. 

Angular,  40. 

divergence,  43. 

Anisoraerous,  95. 

Anisostemonous,  124. 

Annual  plants,  544. 

rings  of  Dicotyle- 
dons, 531. 

Annular  cells,  489. 

vessels,  510. 

Annulus,  463. 

of  Ferns,  419. 

Anterior,  89. 

Anther,  11,  121. 

,  faces  of,  126. 

,  forms  of,  122. 

,  lobes  of,  122. 

,  structure  of,  541. 

Antheridia,  409. 

of  AIkc,  439. 

Antherozoids,  416, 439. 

Anthracite,  699. 

Antidromous,  reversed 
direction  in  continu- 
ous spiral  coil,  see 
Homodromous. 

Antipodal  cells,  632. 

Apetalous,  93. 


Apex  of  leaf,  59. 
Aplanogamete,  459. 
Apocarpous  fruits,  145. 

pistil,  129. 

Apothecia,  469. 
Arabine,  504. 
Archegonia,  409,  416. 
Arcuate  embryo,  157. 
Areas  of  distribution, 

664. 
Arillode,  154. 
Arillus,  154. 
Arista,  111. 
Arrangement,  89,  94. 
Articulate,  40. 
Articulation  of  leaves,  49. 
Artifii  ial  cla8flific&tion% 

180. 
Ascending,  40. 

ovule,  137. 

Ascent  of  sap,  566. 
Asci,  464. 
Ascidia,  66. 
Ascogonium,  464. 
Ascospores,  464. 
Asparagin,  578,  645. 
Assimilation,  576, 554. 
Atropous,  138. 
Auriculate,  58. 
Authority  for  names,  167. 
Auxanometer,  612. 
Awl^haped,  58. 
Awn,  117. 
Axial  embryo,  157. 
Axil,  21,  42. 
Axde  placentas,  132. 
Axdlary  buds,  21,  70. 

inflorescence,  74. 

stipules,  64. 

Axis,  ascending,  20. 
,  hypocotyledonary, 

21,  592. 

Baoca,  150. 
Baccate,  141. 
Balsams,  581. 
Banyan-tree,  19. 
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Bark,  517. 
Basidioepores,  463. 
Basidium,  463. 
Basilar  style,  133. 
Bassorine,  504. 
Bast,  .533. 
Bentham  and  Hooker's 

System,  187. 
Berry,  150. 
Biennial  plants,  544. 
Bilabiate  cnlyx,  108. 

corolla,  112. 

Binary  flowers,  90. 
Bipinnate,  63. 
Bipinnatifid,  61. 
Bipinnatipartite,  61. 
Bipinnatisect,  61. 
Bi^xual,  93. 
Bit«mate,  64. 
Blade,  49. 
Bleeding,  572. 
Bloom  of  fruits,  &c.,  521 , 

582. 
Botanical  geography,  658. 
geology,  698. 

region."*,  676. 

Bothrenchyma  (pitted 
tissue),  512. 

Brachiate  =  decussate. 

Bracteoles,  75. 

Bract-region,  23. 

Bracts,  75. 

Braun's  System,  189. 

Bristles,  m, 

Brongniart's  System,  187. 

Brown,  R.,  18.5. 

Budding,  618. 

Buds,  21,34,69,594,613. 

,  adrentitious,  70, 

602. 

,  axillary,  270. 

on  roots,  5,  71. 

,  terminal,  4,  22. 

,  winter,  71. 

Bud-Bcales,  71. 

Bulb,  25. 

Bulbils,  26, 543. 

Bundles,  closed,  516, 527. 

,  definite,  515,  627. 

,  fibro- vascular,  15. 

,  open,  515. 

,  vascular,  of  Dico- 
tyledons, 529. 

Gaducons,  86. 
. calyx,  109. 


Caducous  corolla,  114. 
Caospitose,  47. 
Callus,  616. 
Calycifloral,  98. 
Calyptra(of  Mosses),  430, 

5&8. 
Calyx,  11. 

,  characters  of,  106. 

,  lobes  of,  107. 

,  throat  of,  107. 

tube,  107. 

Cambium,  515. 
Cambium-region,  516. 
of  Dicotyledons, 

529. 

of  Monocotyledons, 


Cells,  474,  476. 

,  annular,  489. 

,  circulation  in,  549. 

,  clathrnte,  487. 

,  colonies  of,  .507. 


conducting,  fi()9. 
contents  of,  494. 
-,  development  of. 


516. 

Campanulate,  108,  112. 
Campylotropoua,  138. 
Canal-cell,  629. 
Canaliculate.  51. 
Canals  for  secretions,524. 
Cancellate-nerved,  57. 
Caoutchouc,  582. 
Capillary,  120. 

action,  567. 

Capitate  stigmas,  135. 
Capitulum,  180. 
Capsule,  148. 
Carbon,  aasimilation  of, 

577. 
Carbonate  of  lime,  excre- 
tion of,  582. 
Carbonic  dioxide,  aKsorp- 

tion  of,  574. 
,  evolution  of, 

575. 
Carcerulus,  146. 
Carina,  111. 
Carnivorous  plants,  500. 
Carpels,  12,  127. 
of  Gymnoeperms, 

135.      ' 
Carpogonium,  465. 
Carpophore,  101,  ir>0. 
CarueVs  System,  191. 
Ca  ryophy  llaceous  corolla, 

110. 
Caryopsis,  147. 
Cattin,  78. 
Caudex,  36. 
Caudiele,  127. 
Caulicle  (=bypocotyle- 

donary  axis).  21,  592. 
Cauline  leaves,  49. 
Caulome,  20. 


584. 

— ,  duration  of,  549. 
— ,  form  of,  476. 
— ,  lattice,  487. 
— ,  magnitude  of.  481. 
— ,  nucleus  of,  496. 
— ,  pitted,  485. 
— ,  reticulated,  489. 
— ,  scalariforro,  489. 
-,  segmentation  of. 


585. 
— ,  spiral,  483. 
—  of  anthers,  122. 
of  ovaries,  131. 


Cell-oor. tents,  475. 

Cell-division,  585. 

Cell-formation,  585. 

Cell  formation,  free-, 
688. 

Cell-hfe,  548. 

Cell-membrane,  composi- 
tion of,  490. 

,  molecular  struc- 
ture of,  482. 

Cell-sap,  474,  494. 

Cell-wall,  481. 

,  molecular  struc- 
ture of,  483 

Cellular  envelope,  520, 
529. 

sy»tero,  514. 

tissue,  476. 

Cellulose,  490. 

,  detection  of,  401. 

Central  placentas,  131. 

Centres  of  diffusion,  (K'5. 

Centrifugal  inflorescerce, 
76. 

Centripetal  inflorescence, 
76. 

Ceramidium,  439. 

Cernuus,  40. 

Chalaza,  137,  153. 

Characeffi,  reproduction 
of,  445. 

Characters  of  plants, 
173. 

,  diagnostic,  177. 
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Characters,  generic,  176. 

,  apeciflc,  177. 

,  value  of,  182. 

Cblorofucin,  499. 
Chlorophyll,  498. 
Chorisis,  93. 
Chronizoodpore,  438. 
Cicatrix,  52. 
Circinate,  74,  145. 
Circulation  in  cells,  549. 

of  sap,  5(>0. 

Circumscissile  dehiscence, 

142,  143. 
Cirri,  67. 
Cladode,  41. 
Clnasiflcation,  artificial, 

180. 
— ,  natural,  182. 

,  principles  of,  158. 

,  systems  of,  158, 180. 

Clathrate  cells,  487. 
Claw  of  petals,  109. 
Cleistogamic,  f^7,  639. 
Climate,  658,  668. 
Climbing  plants,  40,  656. 
Closed,  114. 
Cloves,  26. 
Coal,  699. 
Coats  of  ovule,  137. 
Cocci,  142,  150. 
Coocidiura,  438,  439. 
Cochlear,  105. 
Cochleariform,  110. 
Cohesion,  97. 
Coleorhiza,  18, 535,  593. 
Collar  of  stems,  52(>,  537. 
CoUenchyma,  507,  TOO. 
Col  lenchy ma-cells,  509. 
Colloid,  562. 
Colonies  of  cells,  507. 
Coloured  light,  action  of, 

605. 
Colouring-matter  of 

flowers,  504. 
Columella  of  Mosses,  432. 
Column  of  Orchids,  130, 

370. 
Coma,  153. 
Common  calyx,  80. 

receptacle,  80. 

Complete  flower,  93. 
Compound  flower,  80. 

glands,  524. 

inflorescence,  84. 

leaf,  55,  62. 

• pistils,  130. 


Compound  stamen,  120. 

umbel,  79. 

Compressed,  40. 
Coneeptacles,  439,  447. 
Conduplicate,  73,  lOi. 
Conducting  cells,  513. 

tissue,  541. 

Cone,  78,  152. 
Confluent  fruits,  151. 
Conidia,  457,  613. 
Conidiophore,  457. 
Conjugation,  440, 494, 

585,  621. 
Connate  leaves,  58. 

stipules,  54. 

Connective,  121. 
Connivent  sepals,  107. 
Consistence  of  leaves,  65. 
Constituents  of  plants, 

556. 
Contact  action,  578. 
Contents  of  cells,  494. 
Contorted  aestivation, 

105. 
Convolute,  72,  104. 
Convolutive  sestivation, 

Cordate,  58. 
Coriaceous,  65. 
Cork,  521. 

cambium,  522. 

Cormophyta,  408. 

Corms,  27. 

Corolla,  characters  of, 

109. 
Corollifloral,  98. 
Corona,  114. 
Corpuscles,  germinal, 

632. 
Corpuscula,  628. 
Corrugate,  105. 
Cortical  system,  517. 
Corymb,  78. 
Corymbose  cyme,  84. 
Coj*t«,  55. 
Cotyledons,  157. 
Creeping,  31,  40. 
Cremocarp,  149. 
Creuate,  59. 
Crested  petals,  104. 
CrisU,  110. 
Cross-breeding,  640. 
Cruciform  corolla,  110. 
Crude  sap,  572. 
Cryptogamia,  10,  408. 
1  classification  of,  189. 


Cryptogamia,  morphology 

of,  408. 
Crj'stals,  506. 
Crystalloid,  501,  562, 
Culm,  33. 
Cuneate,  58. 
Cupule,  149. 
Curved  embryo.  157. 
Curvinerved,  55. 
Cuticle,  521. 
Cuticular  layers,  484. 
Cuttings,  616. 
Cyathium,  338. 
Cycle,  43. 
Cyme,  81. 
Cynarrhodura,  the  fruit 

of  Rasa  (achenes  in  a 

concave  receptacle), 

256. 
Cypsela,  146. 
Cystidia,  463. 
Cystolithes,  506,  524, 

580. 
Cytoblast,  496. 

Dark,  plants    grown  in 

the,  576. 
Darwin's  hypothesis*  163. 
Day  and  night  growth, 

611. 
Death  of  plants,  .'>46. 
De  Candolle*8  System, 

im. 

Deciduous,  86. 

calyx,  109. 

corolla,  109, 114. 

leaves,  65. 

Declinate  stamens,  124. 

Decomposition  of  car- 
bonic dioxide,  575. 

Decompound,  63. 

Decumbent,  40. 

Decurrent,  52. 

leaves,  58. 

Decussate,  47. 

D6doublement,  =  chori- 
sis, 93. 

Definite  inflorescence, 
76. 

vascular  bundles, 

516,  527. 

Deflexed,  41. 

Dehiscence  of  anthers, 
123. 

of  fruits,  142. 

Deltoid,  58. 
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Dentate,  59. 
Deoxidation,  effects  of, 

577. 
Deposits,  secondary,  484. 

,  siliceous,  492. 

,  tertiary,  490. 

Derivative  hypothesis, 

163. 
Dermatogen,  515. 
Descent  of  sap,  572. 
Description  of  plants, 

170. 
Development,  51. 

,  laws  of,  547. 

of  buds,  602. 

of  cells,  584. 

of  floral  organs,  600. 

of  leaf-organs,  599. 

of  ovules,  541,  600. 

of  roots,  596. 

of  rootlets,  598. 

of  stamens,  600. 

of  stem,  694. 

of  stomata,  591. 

of  vessels,  591. 

,  progressive,  86. 

,  simultaneous,  600. 

,  successive,  600. 

Dextrine,  503. 
Dextrorse,  106. 
Diadelphous,  97,  100. 
Diagnoses  of  plants,  176. 
Diagnostic  tables,  179. 
Diagrams,  floral,  102. 
Dialypetalous,  97. 
Dialysepalous,  97,  106. 
Diandrous,  124. 
Dia.sta<<e,  503. 
Dichasium,  39,  82. 
Dichlamydeous,  93. 
Dichogamous,  638. 
Dichotomy,  39. 
Diclinous,  94,  112,  615. 
Dicotyledone8,12,  193. 

,  roots  of,  536. 

,  stems  of,  529. 

Didynamous,  100. 
Diffusion,  125. 

of  fluids,  562,  566. 

Digitate,  63. 
Dilated  filament,  120. 
Dimerous  flowers,  90. 
Dimidiate  anthers,  123. 
Dimorphism,  15,125,636. 
Dioecious,  94,  637. 
Direction  of  seeds,  153. 


Disk,  81,  97,  118. 
Dissected  leaves,  61. 
Dissepiments,  130. 
Distichous,  43.         » 
Distribution,  664. 
,  geological  causes 

of,  665. 
Divaricate,  41. 
Divergence,  angtilar,  43. 
Divergent  sepals,  107. 
Diverticuk,  632. 
Division  of  cells,  585. 
Dorsum  of  anther,  121. 
Dotted  ducts,  512. 
Dracsena,  stem  of,  527. 
DroBBra,  561. 
Drupaceous,  141. 
Drupe,  146. 
Ducts  dotted  or  pitted, 

490,  512. 
Duramen,  532. 
Duration  of  calj'X,  109. 
of  leaves,  65. 

Ectoplasm,  495. 

Elaboration  of  food,  574. 

Elaters  of  Equisetum, 
417. 

Elective  affinitv,  642. 

Electricitv,  ind^uence  of, 
607, 644. 

Elements,  chemical,  556. 

Eraarginate,  59, 115. 

Embryo,  15,  131,  156. 

,  development  of, 

635. 

Embryo-sae,  138,  632. 

,  secondary,  628. 

Embryogeny  of  Angio- 
spermia,  635. 

of  Gymnospermia, 

629. 

Embryonal  cell,  635. 

Enantioblastic,  157. 

Enation,  92. 

Endlicher's  Svstem,  186. 

Endocarp,  141. 

Endoderm,  5J7. 

Endoplasm,  405. 

Endopleiura,  153. 

Endorhizal,  593. 

Endosmose,  563. 

Endosperm,  156. 

Endosperm -cells,  forma- 
tion of,  537. 

Endostome,  137,  631. 


Endothecium,  541. 
Ensiform,  58. 
Entire  leaves,  55,  59. 
Epicalyx,  104. 
Epicarp,  141. 
Epidermis,  517. 
,  development  of, 

591. 
Epigeal,  592. 
Epigone,  430,  433. 
Epigynous,  98. 
Epiphytes,  18. 
Equisetacece,  morphology 

of,  417. 
,  reproduction  of, 

418. 

,  stems  of,  562. 

Equitant,  73. 

Essential  characters,  176. 

oils,  504. 

organs,  118. 

of  flowers,  118. 

Eucj'clic,  91. 
Evaporation  of  fluid8,564. 
Evergreen  leaves,  65. 
Evolution  of  carbonic 

acid,  575. 

of  heat,  648. 

of  nitrogen,  575. 

of  oxygen,  574. 

Exalbuminous,  154. 
Examination  of  plants, 

mode  of,  3. 
Excentric  embryo,  157. 
Excrescent,  86. 
Excretions,  580. 

of  air,  580. 

of  water,  580. 

Exorhizal,  593. 
Exostome,  137. 
Exothecium,  541. 
Exserted,  124. 
Exstipulate,  48. 
Extiue,  623. 
Extra-axillary,  85. 
Extravasation,  567. 
Extrorse,  126. 
Exudation,  567. 

Face  of  anther,  126. 
Fall  of  the  leaf,  540. 
Families  of  cells,  50 
Fasciation,  85. 
Fasciculate  leaves,  47. 

roots,  17. 

Fasciculus,  84. 
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Fastdgiaie,  36. 
Faux,  107. 
FavellfiB,  439,  448. 
Fecundiition  by  eperma- 

tuzoids,  441. 
Felted  tissue,  510. 
Female  flowers,  94. 
Fenestrate,  148. 
Fermentation,  553. 
Ferns,  morphology  of, 

420. 
,  reproduction  of, 

419. 
-,  stems  of,  526. 


Flowers,  "doubling"  of, 

92,160. 
,  essential  o^ans  of, 

118. 
-,  parts  of,  88. 


Fertile  flowers,  64. 

Fertilization,  phenomena 
of,  635. 

,  ci-oss,  636,  640. 

,  self-.  640. 

of  ovules,  629,631, 

634, 

Fibre,  woody,  515. 

Fibrillaa,  16. 

Fibrils  of  roots,  527. 

Fibrose,  492. 

Fibrous  cells,  48S. 

layer  of  Monocoty- 
ledons, 527. 
roots,  16. 


Fibro-Tascular  bundles, 

616. 
,  origin  of, 

532. 

system,  515. 


\ 


Filament,  11.  120. 

Filiform,  120. 

appendage,  633. 

'         cells,  478. 

segments,  61. 

Fissiparous  reproduction, 
440,  585. 

Fistular  stems,  40. 

Fixed  oils,  504. 

Flexuous,  40. 

Floating,  40,  61. 

Floccose,  65. 

Floras,  insular,  698. 

Floral  clock,  654. 

envelopes,  11, 103, 

organs,  structure  of, 

540. 

Florets,  81,  106. 

Flower,  86. 

Flower-bud,  74. 

Flowers,  complete  and  in- 
complete, 93. 


Fluids,  difl^usion  of,  r>6.>. 
,  evaporation  of,  568, 

580. 
Fluitans,  40. 
Folded  embryo,  157. 
Foliaceous  cotyledons, 

157,  592.       .  ^ 

peduncle,  85. 

Foliola,  62. 

Follicle,  146. 

Food,  elaboration  of,  574. 

of  plants,  555. 

,  sources  of,  561, 

m9. 

Foramen,  137. 
Force,  during  growth, 

612. 
Form  of  cells,  476. 
Formations,  floras  of, 

700. 
Formulas,  floral.  102. 
Fossil  floras,  700. 

plants,  699. 

Fossilii,  kinds  of,  699. 
Free-cell  formation,  588. 
Free  central  placenta, 

132. 

fruits,  145. 

stipules,  53. 

Friirofuges,  6()0. 

Fruits',  char  Jicters  of,  139. 

,  classiflcation  of, 

145. 

,  dehiscence  of,  141. 

,  monothalamic,  145. 

,  multiple,  146. 

-,  polythalamic,  145. 


Frutex,  41. 
Fruticulus,  41. 
FucacesB,  reproduction  of, 

449. 
Fundamental  tissue,  516. 
Fungi,  455. 

,  morphology  of,  411. 

,  reproduction  of, 

411. 
Funiculus,  136,  153. 
Furfuraoeous,  66. 
Furrowed,  41. 
Fusiform  c  Us,  478. 
Fusiform  root,  16. 


Oalbulas,  152. 
Qaleate,  112. 
Gametes,  459. 
Gamogenesis,  622. 
G^imopetalous,  97,  112. 
Gamophyllous,  115. 
Gamosepalous,  97,  107. 
Gh>!latinous  ooat  of  cells, 

484. 
Geminate,  42. 
Gemmae,  415. 
Gknera,  names  of,  161. 

,  nature  of,  161. 

Generic  character,  176. 
Genus,  nature  of,  9,  161, 

162. 
Geographical  botany, 

(M>8. 
Geological  botany,  698l 
influences  on  disfcri- 

bation,  666. 
Geology,  botanical,  698. 
Geotropism,  608. 
Germ-cell,  621. 
Germ -vesicle,  156, 622, 

632. 
Germination,  553,  591, 

644. 
Gibbous,  108. 

petals,  110,113. 

Gills,  463. 
Glabreacent.  65. 
Glabrous,  41 ,  65. 
Glands,  66,  519,  52a 
Glandular  filaments,  120. 
Glans,  149. 
Globule  of  Charaoee, 

445. 
Glomerulus,  84. 
Glucose,  581. 
Glumaoeoas,  116. 
Glume,  116. 
Glutinous,  66. 
Gonidia,  413,  448.  469, 

614. 
Grafting,  617. 

hybrids,  643. 

Granulose,  502. 
Grape-sugar,  581. 
GraviUHon,  608. 
Growing-points,  594. 
Growth,  day  and  night, 

611. 

,  direction  of,  598. 

of  Diootyledons, 

529. 
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Growth,  periodicity  of, 

644,  611. 
Gum,  504. 

,  exudation  of,  580. 

Gutta  percha,  582. 
Gjmnospermia,  13,  356. 

,  carpels  of,  136. 

,  embryogeny  of,  628. 

,  ovules  of,  o28. 

,  pollen  of,  626. 

,  stamens  of,  124. 

Gjniccium,  12,  126. 
Gynandrophore,  101. 
Grnandrous,  12(5. 
Gynobosic,  133. 
Gyno-hermaphrodite, 

637. 
Gyno^monoeoious,  637. 
Gynophore,  101. 

Habit  of  plants,  545. 
Hairs,  519. 
Half-equitant,  73. 
Haploitemonous,  124. 
Hastate,  58. 
Haustoria,  411,  458. 
Heart-wood,  532. 
Heat,  effects  of,  (KM,  652. 

of  plants,  6*7. 

Heliotropism,  606. 
llemicTclie,  89. 
HepatiofB,  morphology  of, 

— ,  reproduction  of, 
433. 

Herbaceous  envelope, 
533. 

stems,  32. 

Herbarium,  4. 

Hermaphrodite,  93. 

Heterogonous,  636. 

Heteroetylia,  638. 

Hiliun,  137,  153. 

Hirsute,  41,  65. 

Hispid,  65. 

Homoblastic,  157. 

Homodromous,  identity 
of  direction  in  succes- 
sive spiral  coils  {see  An- 
tidromous). 

Honey  dew,  581. 

Hooked  embryo,  157. 

Horizontal  ovule,  137. 

Homy  endosperm  or  al- 
bumen, 15o. 

Humifusus,  40. 


Humus,  558. 
Hybridization,  618,  640. 
Hybrids,  160,  168. 

from  grafting,  617, 

644. 
-,  names  of,  168. 


Hygrophiles,  601. 
Hymenium,  463. 
Hymenophore,  463. 
Hypbee,  411. 
Hypocotyledonary  axis, 

22,  156. 
Hypoorateriform,  112. 
Hypoderm,  52. 
Hypogeal,  592, 
Hypogynous,  98. 

Imbibition,  5()7. 
Imbricate  aostiration, 

104. 

buds,  73. 

leaves,  47. 

Imparipinnate,  62. 
Imperfect  flowers,  118. 
Impregnation,  639. 
Inarching,  618. 
Incised,  59. 
Included,  125. 
Incomplete,  93,  118. 
Incumbent  cotyledons, 

157. 
Indefinite  bulbs,  26. 

inflorescence,  76. 

IndupUcate.  73,  104. 
Indusium,  419. 
Inferior,  98. 

fruits,  145,  149. 

ovary,  41,  130. 

Inflated,  108. 

petioles,  52,  67. 

Inflorescence,  10,  76. 

,  extra-axillary,  85. 

Infmtescenoe,  151. 
lufundibuliform,  108, 

112. 
Innate  anther,  121. 
Inseparation,  97. 
Insertion,  49,  98. 
Insular  floras,  693. 
IntefTumente  of  ovule,  37, 

601. 
Intercellular  boundaries, 

507. 

passages,  523. 

Internodes,  21. 
Interpetiular  stipules,  54. 


Interruptedly  pinnate,  63. 
Intine,  623. 

Intrapetiolar  stipules,  53. 
Introrse,  126. 
Inuline,  503. 
Involucel,  76. 
(Jungermanniaoes), 

433. 
Involucre,  76. 
(Jungermanuiaceoe), 

433. 
Involute,  59,  74,  104. 
Iodine  test  for  star.^h,  502. 
Irregular  calyx,  108. 

corolla,  112. 

perianth,  115. 

Irregularity,  91,  99. 
IrritabUity,  652. 
Isomerous,  91,  95. 
Isostemonous,  124. 
Isothermal  lines,  659. 

Jointed,  40. 

Juga,  63. 

Jussieuan  System,  185. 

Keel,  77. 

Knots  of  Dicotyledons, 
532. 

Labellum,  115,  370. 
Labiate,  113. 
Laciniate,  61. 
Lacuna;,  523. 
Lsevis,  41 . 
Lamina,  49. 

of  leaf,  54. 

of  petal,  109. 

Lanate,  65. 
Lanceolate,  58. 
Lateral  embryo,  157. 

style,  133. 

Latex,  582. 

Laticiferous  canals,  523. 
Lattice-nerved,  57. 
Layering,  617. 
Layers,  616. 
Leaf,  10,  41. 

,  fall  of,  540. 

Leaf-bud,  69. 
Leaf-climbers,  657. 
Leaflets,  62. 
Leaf-region,  23,  31. 
Leaf-s<^e  region,  22,  24. 
Leaf-sheath,  49. 
Leaf-;»lalk,  49. 
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Leaves,  absorption  by, 

665. 

,  arrangement  of,  42. 

,  development  of, 

699. 

,  forms  o£^  65,  57. 

,  modifications  of,  66. 

— ,  radical,  48. 

,  structures  of,  639. 


-,  veins  of,  640. 


Legume,  145. 
Lenticels,  622. 
LepidotuB,  66. 
Liber,  617,  622,  633. 
Liber-oeUs,  477. 
Libei^region,  576,  629. 
Lichens,  morphologj'  of, 
468. 

,  reproduction  of, 

469. 
Life  of  plants,  473. 
Light,  action  of,  549, 575, 
60),  652. 

Ligulate  corollas,  112. 

Li^ule,  64. 

Liliaceous  perianth,  110. 

Limb  of  caUi,  107. 

of  corolla,  1 12. 

of  petal,  109. 

Lindley'8  System,  187. 

Linear,  08. 

Linear-lanceolate,  58. 

Linniean  Svetem,  18. 

Lip,  115,370. 

Lobed  leaves,  60, 

Lobes,  61,  65. 

of  anther,  122. 

of  calyx,  107. 

Loculi  of  anthers,  122. 

of  ovaries,  128. 

Loculicidal,  143. 

Locusta,  spikelet  of  a 
grass.  78,  402. 

Lodicuhe,  117. 

Lomentum,  147. 

Luminosity  of  plants,  649. 

LycopodiacesB,    morpho- 
logy of,  423. 

,    reproduction    of, 

409. 

,  stems  of,  625. 

Lyrate,  61. 

Mace,  164. 

Maorosnore,  139,  424. 
Macrothenns,  660. 


Macrozoospore,  438. 
Male  flowers,  94. 
Malpighiaceas,    stems  of, 

630. 
Manubrium,  446. 
Manures,  667. 
Marcescent  calyx,  109. 
Margins  of  leaves,  69. 
Marme  plants,  661. 
Marsileaceie,  morphology 
of,  426. 

,    reproduction    of, 

626. 
Mealy  endosperm,  or  al- 
bumen, 155. 
Medulla.  529,  532. 
Medullary  rays,  529,  632. 

sheath,  529, 

Meiotherms,  660. 
Membrane,  cell-,  481. 

of  cells,  composition 

of,  490. 

,  porosity  of,  481. 

Membranous,  65. 
Merenchyuia,  508. 
Mericarps,  144,  150. 
Meristem,  514. 
Mesocarp,  141. 
Mesothecium,  641. 
Mesotherms,  660. 
Metamorphosed    leaves, 

66. 
Metamorphosis,  88. 
Metastasis,  555. 
Methods  of  study,  3. 
Metis,  641. 
Microgonidia,  441. 
Micropyle,  137,  149,631. 
Microscope,  5. 
Microspores,  126,  424. 
Microtnerms,  660. 
Microzoospore,  438. 
Midrib,  65. 

Migration  of  species,  662. 
Milk-vessels,  623. 
Milky  juices,  582. 
Mineral  products,  682. 
Mistletoe,  20. 
Molecules,  483. 
Monadelphous,  97,  126. 
Monandrous,  124. 
Moniljform,  120. 

ducts,  610. 

Mono^rpic,  545. 
Mono3hlamydeou8,    93, 
116. 


Monocotyledones,  12, 

14. 

,  roots  of,  534. 

— ,  stems  of,  628. 
Monoclinoas,  638. 
Mono^ous,  94, 637. 
Monopetalous,  gee  Gamo- 

petalous.  97,  1 12. 

corolla,  112. 

Monophyllous,  116. 
Monopodia!,  39,  82. 
MonosepalouB,  107. 
Monothalamic,  146. 
Monstrous  carpels,  128. 
Morpholog3%  general,  7. 
of   Cryptogamia, 


408. 


10. 


of   Phanerogamia, 


Mosses,  morphology  of, 

428, 
,    reproduction  oC 

428,  432. 

stems  of,  525. 


Movements  of  nucleus, 

497. 

of  plants,  650. 

of  protoplasm,  548. 

of    spermatozoids, 

65a 

of  tendrils,  657. 

of  zoospores,  550. 


Mucronate,  69. 
Mules,  641. 
MultiJugBt«,  63. 
Multilocular  ovary,  130. 
Multiplication,  92,  579. 
Muriform   parenobTma, 

608. 
Mycelium,  413. 

Naked  buds,  71. 

flower,  93. 

Names  of  plants,  164. 
— ,  generic,  165. 

,  specific,  165. 

,  varietal,  168. 

Kapiform  rooU  16. 
Natant,  65. 

Natural      claBsification, 
182. 

families,  160. 

selection,  163. 

Navicular,  110. 
Neck-sell,  628. 
Nectary,  110 
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Neotaries,  114. 
Nervature  of  leares,  55. 
Nerves,  55. 
Neuter  flowers,  94. 
Nitrogen,  sources  of,  559. 

,  effect  of,  576. 

,  elimination  of,  575. 

Nitrogenous  constituents, 

578. 
Nodding,  40. 
Nodes,  21,  42. 
Nodose,  40. 
Nomenclature,  164. 
Noterophiles,  661. 
Nucleolus,  497. 
Nucleus  of  cells,  496. 

,  changes  in,  588. 

band,  588. 

of  ovule,  136. 

Nuculanium,  150. 
Nucule  of  CharaceflB,  445. 
Nucules,  14(). 
Number,  90. 
Nutans,  40. 
Nutriment,    sources  of, 

557. 
Nutrition  of  cells,   547, 

551. 

in  Algse,  554. 

Njmphseaces,  stem   of, 

630. 

Obcordate,  59. 
Obdiploftemonons,  124. 
Oblique,  58. 
Obliquity,  101. 
Obovate,  57. 
Obtuse,  59. 
Obvolute,  73. 
Occluse,  114. 
Ocrea,  54. 
Offsets,  33. 
Oils,  essential,  504. 

,  fixed,  503. 

,  volatile,  581. 

Oospbere,  156. 
Oospores,  455,  628. 
Opercular   dehiscence   of 

anthers,  123. 
Operculum    of  Mosses, 

423. 
Opposite,  42. 
Orbicular,  57. 
Orchids,  roots  of,  536. 

,  names  of,  169. 

Organic  acids,  578. 


Organogenj,  87. 

Organs,  73. 

,  development  of,  87, 

591. 

,  essential,  118. 

,    internal    anatomy 

of,  525. 
Orthotropous,  138. 
Osmose,  562. 
Ovary,  12,  128. 
Ovate,  57. 

Ovate-lanceolate,  58. 
Overhanging,  40. 
Ovule,  136. 

,  characters  of,  136. 

,    development    of, 

601. 

,  parts  of,  137. 

of  Angio8perms,630. 

of  Oymnosperms, 


628. 

— ,  of  Phanerogams, 
627. 
-,  structure  of,  541. 


Oxygen,  evolution  off  575. 
Ozone,  action  of,  559. 

Palate,  113. 
Pale8,76,  117,  403. 

of  capitula,  80. 

Palisade  tissue,  540. 
Palmate,  63. 
Palmifid,  61. 
Palniinerved,  55, 
Palmipartite,  61. 
Palmi  pinnate,  64. 
Palmisect,  61. 
Panicle,  78. 
Paper,  botanical,  4. 
Papilionaceous  corolla, 

111. 
Pappus,  108. 
Paraoellulose,  492. 
Parallel-nerved,  65. 
Parasitic  plants,  20. 
Parenchyma,  507. 
Parietal  placentas,  132. 
Paripinnate,  63. 
Partial  peUole,  62. 
Passages,    intercellular, 

523. 
Patent,  41. 
Pectase,  581. 
Pectin,  581. 
Pectose,  581. 
Pedate,  61,  63. 


Pedatifid,  61,  63. 
Pedatipartite,  61,  63. 
Pedatisect,  61,  63. 
Pedicel,  75. 
Peduncle,  75. 

,  foliaceous,  86. 

Peltate,  59. 

anthers,  134. 

stigma,  135. 

Pendent,  40. 
Pendulous,  40. 

ovule,  137. 

Penicillate  stigmas,  135. 
Penninerved,  55. 
Pentadelphous,  126. 
Pentamerous  flowers,  91. 
Pentastichous,  44. 
Pepo,  151. 

Perennial  plants,  544. 
Perfect  flowers,  91,  118. 
Perfoliate,  58. 
Perforated  cells,  493. 
Perianth,  11,  104. 
,  characters  of,  108, 

114. 

of  Grasses,  117. 

Periblem,  516. 
Pericambium,  616,  597. 
Pericarp,  140. 
Perichietial  leaves,  433. 
Perichtetium,  433. 
Periderm,  522. 
Peridium,  467. 
Perigone,  104. 
( Jungermanniacese), 

433. 
Perigonial  loaves,  433. 
Perigynium,  117. 
PerigynouB,  99. 
Periodicity  in  plants,  544, 
Peripherical  embryo,  157, 
Perisperm,  154. 
Peristome,  431. 
Perithecia,  468. 
Persistent,  86. 

calyx,  109. 

corolla,  114. 

Personate,  113. 

Perulie,  71. 

Petals,  11,  103,  109. 

strap-like,  110. 

Petaloid,  110. 

filament,  120. 

perianth,  115. 

Petiole.  49,  51,  148. 
— ,  structure  of,  540. 

3b 
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Petiolule,  62. 
Phanerogamia,  9,  193. 

reproduction    of, 

622. 

Phellogen,  522. 
Philotherras,  660. 
Phloem,  517,  522. 
Phosphoresoenoe,  649. 
Phyllocyanine,  41)9. 
Phyllodes,  51. 
Phyllodia,  66. 
Phyllodj,  87,  128. 
Phyllome,  11,  20,  41. 
Phyllotaxy,  42. 

—  of  flowers,  89. 
PhyUoxanthine,  499. 
Physiology,  473. 
Pileorhi25a,  535. 
Pileua,  403. 
Pilose,  41,  65. 
Pinnae,  62,  65. 
Pinnate,  62. 
Pinnatifid,  60. 
Pinnati partite,  60. 
Pinnatisect,  60. 
Pinnules,  61,  65. 
Pistils,    characters    of, 

127. 

,  structure  of,  541. 

Pitcher-plants,  66. 

Pitchers,  66. 

Pith    of   Dicotyledons, 

532. 
Pits  of  cell-membrane, 

487. 
Pitted  cells,  485. 

• ducts,  512. 

Placenta,  129.  132. 
Phicentoids,  122,  541. 
Plaited  aestivation,  105. 
Planogamete,  459. 
Plants,    description    of, 

170. 
,  distribution  of,  663, 

668. 

,  food  of,  554,  555. 

,  fossil,  699. 

,  simplest,  8. 


Plumule,  14,  32,  69,  122, 

156. 
Podosperra,  137. 
Pollarding.  615. 
PoUen,  17,  119,  126,623. 

,  examination  of, 625. 

of  Qymnospermia, 

625. 

,  formation  of,  624. 

Pollen-masses,  126.  624. 
Pollen-tubes,  627,  633. 
Pollinia,  127,  624. 
PoUinodium,  465. 
Polyadelphous,  100. 
Polyandrous,  124. 
Polycotyledonous,  157. 
Polygamous,  94,  637. 
Polypotalous,  97,  110. 
Polyphyllous,  115. 
Polysepalous,  97,  107. 

calyx,  107. 

Polythafamic,  137. 

Pomum,  151. 

Porosity  of  membrane, 

481. 
Porous  cells,  4a5-493. 
dehiscence  of 

anthers,  23. 

of  fruit,  143. 


I 


Plasmodiocarp,  470. 
Plasmodium,  413,  495. 
Plastidule,  496. 
Pleioniery,  93. 
Pleiotaxy,  92. 
PI  rome,  515. 
Plicate,  74,  104. 
' aestivation,  105, 


Posterior.  89, 

Postyentitious  bulbs,  26. 

Prajfloration,  105. 

Preefoliation,  72. 

Prajmorse,  31,  592. 

Pjteventitious  bulbs,  26. 

Pressure.  5<»7. 

Prickles,  687. 

Primary  membrane,  482. 

Primine,  137,  153,  001. 

Primitive  fibre,  484. 

Primordial   parenchyma^ 
479. 

utricle,  495. 

Procambium,  515. 

Procumbent,  40. 

Proembryo,  629. 

Progressive  vascular  bun- 
dles, 517. 

Prolification,  88. 

Propagation,  616. 

Prosenchyma,  507,  508. 

Prostrate,  40. 

Protandrous,  638. 

Protecting-sheath,  517. 

Proteinaceoua  matters, 
600,  579. 


Prothallium,  409. 
Protogynous,  638. 
Protonema,  411,  428. 
Protoplasm,  495. 

,  movements  of^  54S. 

Pruinose,  65. 
Pubescent,  65. 
Pulvinus,  53. 
Putamen,  141. 
Pycnidia,  469. 
Pyrene,  141. 
Pyxis,  148. 

Quinate,  63. 
Quincuncial,  44,  104. 
aestivation,  101 

Kaoeme,  78. 
Baces,  nature  of,  160. 
Rachis,  62. 

Badiant  florets,  81,  290. 
Radiate.  135. 
Radical  leaves.  49. 
Radicle,  15.  156,  592. 
Radix  multiceps,  32. 
Ramal  leaves,  49. 
Ramification,  38.  41, 70. 

f  modes  of.  38. 

,  monopodial,  38. 

,  sympodiaL  39. 

Ramosiasimus,  41. 
Raphe,  138,  153. 
Raphides,  50(),  582. 
Rate  of  growth,  612. 
Ray,  81. 

Rays,  medullray,  529.r«32, 
Reagents,  chemical,  6. 
Receptacle  of  flowers,  88, 

100. 

,  anatomy  of.  542. 

— '■ — ,  common,  ^. 

,  Fungi,  413. 

Receptacular  tube,  99. 

106,  107. 
Reclinate,  73,  104. 
Reduplicate,  105. 
Regions  of  altitude,  672. 

of  vegetation,  695. 

Regular  caiyx,  108. 

corolla,  110. 

flower,  99. 

Rejuvenescence,  584. 
Reniform.  58. 
Repand,  59. 
Repens,  40. 
Replum,  132,  148^  209. 
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Kepresentatiye  species, 

Rosaceous  corolla,  110. 

Seeds,  vitality  of,  544, 645. 

(MU. 

Rosette,  629. 

Segmentation,  585. 

Reproduction,  613. 

Rosulate,  47. 

Segments,  61,  65. 

,  Tcgetative,  013. 

Rotate  corolla,  112. 

Selecting  power  of  roots, 

of  Orvptogamia, 

Rotation  of  oell-«ap,  448. 

503. 

409,  416": 

Ruminated  endosperm  or 

Selection,  natural,  163. 

of  Thallophvta,  435. 

albumen,  1.'.6. 

Self-impregnation,  <>39. 
Sensitive  plants,  650. 

of  Phnnerogamia, 

Buncinate,  61. 

581,  (>22. 

Runners,  33. 

Sepals,  11,  106. 

Bcservoirs  for  secretions, 

Septa  of  cells,  480,  507. 

523. 

Saccate,  108. 

Septenate.  63. 

l^osins,  secretion  of,  581. 

petAls,  110. 

Septicidal,  143. 

Rospiration  of  plants, 

Sagittate,  58. 
SaWer-shaped,  112. 

Septifragal,  142. 

576. 

Septum  of  anthers,  122. 

,  chlorophyUian,574, 

Samara,  148. 

of  fruits,  142. 

577. 

Sap,  ascent  of,  666, 568. 

Sericeous,  65. 

,  general,  57.>,  577. 

,  causes  of,  567. 

Serrate,  69. 

Rosting-spore,  442,  544. 

,  crude,  572. 

Sessile,  60. 

Resupiiiate  OTule  (of 

,  descent  of,  572. 

flower,  75. 

Plumbaginoceic),  137. 

,  force  of,  5(^8. 

leaves,  50. 

Reticulated  cells,  489. 

,  elaborated,  5()7, 

stigma,  133. 

Seta  of  Mosses,  &c.,  431. 

Tessels,  510. 

572. 

R(>tinaculuni,  127. 

Sapindaoeae,  stems  of. 

Setffi,  66. 

Retroaerrate,  59. 

530. 

Setose,  41, 65. 

Retuse,  59. 

Saprophytes  living  on 
decaying  matter,  558. 

Sexual  reproduction,  620. 

Reversion,  643. 

Sheath,  leaf-,52. 

Revolute,  59,  74. 

Sap-wood,  532. 

Sieve  disks,  488. 

Rhizorae,  15,  30. 

Snrcocarp,  141. 

cells,  488. 

Rhizotaxy  (arrangement 

Scabrous,  65. 

Silica,  excretion  of,  582. 

of  roots),  16. 

Scalariform  cells,  489. 

Siliceous  deposits,  492. 
Silicula,  148. 

Rhomboidal,  58. 

ressels,  512L 

Rhjtidome,  522. 

Scales,  519. 

Siliqua,  148. 

Ribbed,  40. 

of  corollas,  114. 

Simple  leaf,  55. 

Ribs,  55,  540. 

Scaly,  r>(i. 

pistils,  129. 

Simultaneous  vascular 

Rind  of  Monocotvledons, 

bulb,  25. 

528. 

Scandens,  40. 

bundles,  516. 

Ringent,  114. 

Scape,  75. 

whorls,  48. 

Ringing  of  stems,  573, 

Scattered,  42. 

Sinistrorse,  106. 

Root,  10,  14. 

Schizocarp,  143. 

Sinuate,  60. 

Roots,   adTcntitious,    15, 

Sclerenchyma,  508. 

Sinuj.,  107. 

17,  537. 

Scorpioid cjme,  82. 

Skeleton  of  plants,  492. 

,  aerial,  18. 

Scurfy,  66. 

Sleep  of  plants,  652. 
Slips,  616. 

,  axial,  15. 

Secondary  layers,  483. 

J  buds  on,  15. 

spiral,  46. 

Snow-line,  673. 

,  development  of, 

Secretion,  579. 

Soft  bast,  522. 

596. 

Secretions,  canals  for, 

Solitary  flowers,  75. 

,  direction  of,  589. 

524. 

Sori  of  Algre,  439. 

,  fibrils  of,  116. 

,  reservoirs  for,  524. 

of  Ferns,  419. 

,  selecting  power  of, 

Secretory  system,  523. 

Sorosis,  152. 

563,  564. 

Secund,  arranged  on  one 

Spadix,  78. 

,  structure  of,  533. 

side  only. 

Spathe,  76. 

,  tuberous,  17,  538. 

Secundine,  153, 631. 

Spatulate,  68. 

Root-action,  565. 

Seedling,  development  of, 

Species,  names  of,  159, 

Root-cap,  535,  597. 

591. 

165, 166. 

Root-hairs,  17,  537. 

Seeds,  10. 

,  nature  of,  159. 

Root-stock,  30. 

,  characters  of,  153. 

,  origin  of,  163. 
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Species,  repreflentatire, 

664. 
Specific  character,  177. 

centres,  665. 

Spermatia,  409. 
Spermatozoids,  416,  448, 

464.  550. 
Sperm-cells,  621,  623. 
Spennogonia,  469. 
Spicular  cells,  479. 
Spike,  78. 
bpikelet.  76. 
Spines,  68,  519. 
Spinose^serrate,  59. 
Spinosus,  66. 
Spinous,  67. 
Spiral  embryo,  157. 

,  fundamental,  45. 

growth,  666. 

(leaTes),  43. 


,  secondary,  45. 

vessels,  510. 

Spongiolee,  539. 
Sporanges,  154, 409. 
Spore-fruits,  427. 
Spores,  409,  621. 

,  resting,  441. 

,  vitality  of,  544. 

Sporocarps,  427. 
Sporogonium,  430. 
Sports,  (H2. 

Spur,  no. 

Spurious  dissepiments, 

131. 
Spiu*red  petals,  110. 
Stamens,  branched  or 

compound,  120, 601. 

,  characters  of,  119. 

,  development  of, 

601. 

of  Gymnospermia, 


124. 
•,  number  of,  124. 


Staminode,  1 17. 
Standard,  111,249. 
Starch,  501. 
Starch-granules,  502. 

-,  test  for,  502. 

Statistics  of  vegetation, 

69(5. 
Stellate  cells,  478. 
Stems,  10,  20. 

,  anatomy  of,  525. 

• ,  development  of, 

594, 
* ,  regions  of,  22. 


Stichidium,  439, 448. 
Stigma,  12, 133. 
Stigmas,  characters  of, 

128. 
Stigmata  bicruria,  127. 
Stings,  66, 524. 
Stipels,  54. 
Stipitote,  101. 
Stipules.  51,  53. 
Stock,  36. 
Stomata,  580. 
,  development  of, 

591. 
Straight  embryo,  157. 
Striate,  40. 
Strictus,  40. 
Strobilus,  152. 
Structure  of  anthers,  541. 

of  flovrers,  86,  540. 

of  leaves,  539. 

of  ovules,  541. 

of  petioles,  540. 

of  roots,  533. 

of  stems,  525. 

of  thalamus,  542. 

Style,  12,  128. 

,  characters  of,  133. 

,  structure  of,  541. 

Stylospores,  464. 
Suberous  layer,  524,  529. 
Submerged  leaves,  65. 
Subrotund,  58. 
Substitution,  88, 101. 
Subulate,  58,  120. 
Successive  whorls,  48. 
Sugar,  404. 

,  secretion  of,  581. 

Superior.  98. 

ovary,  130. 

Superposition,  91,  94, 

101. 
Suppression,  93. 
Supradecomposite,  63. 
Surfaces  of  leaves,  65. 
Survival,  163. 
Suspended  ovule,  138. 
Suspensor,  626. 
Sutural  dehiscence,  123, 

142.       • 
Sutures  of  anther,  123. 

,  dorsal,  129. 

,  ventral,  129. 

Swarm-spores,  614. 
Syconus,  151. 
Symmetrical  flower.  91. 
Sympetalous,  97 


Sympode,S0,82. 
Syncarpous  fruits,  145. 

pistil,  130. 

Syngeuesious,  97, 126. 
Synonyms,  167. 
SynsepalouB,  97. 
Sj'stem,  aerial,  514. 

,  cellular,  514- 

,  cortical,  514. 

,  fibro- vascular,  515. 

-,  secretory.  615. 


System  of  Bentham  and 

Hooker,  187. 

of  Caruel,  190. 

of  Braun,  188. 

of  De  CandoUe, 

186. 

of  Endlicher,  186. 

of  JuBsieu,  185. 

of  Lindley,  187. 

of  Linnseus,  181. 


Systematic  botany,  158. 
Systems,  artificial,  180. 

,  natural,  182. 

of  classification, 

180. 

Tabular  cells,  478. 
Tannin,  582. 
Tap-root,  16. 
Teeth  of  calyx,  107. 
Tegmen,  137, 16a 
Tela  contexta,  510. 
Temperature  of  plants, 

647. 
Tendrils,  67, 657. 
Tension,  609. 
Teratology,  87. 
Terete,  40. 

Ternary  compounds,  578. 
Temate,  663. 
Temato-pinnate,  64. 
Tertiary  layers,  460. 
Testa,  130, 163. 
Tetradynamous,  124. 
Tetramerous  flowers,  91. 
Tetraspores,  439,  447, 

614. 
Texture  of  leaves,  65. 
Thalamifloral,  98. 
Thalamus,  99, 100,  542. 
,  development  of, 

100. 
-,  structure  of,  542. 


ThaUophyta,  9,  411.435. 
,  morphology  oS,  41 1. 
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Thallopbyta,  reproduo- 

Uon  of,  411,  435. 
ThalluB,  154,  409. 
Thorns,  (38. 
Throat  of  calyx,  107. 

of  corolla,  112. 

Thyree  (a  form  of  pani- 

cled    infloreEcenoe     in 

which  the  central  stallcB 

are  longest). 
Tigellum   (hypocotyledo- 

nary    axis),    13,     156, 

593. 
Tissue,  conducting,  541. 

,  felted,  510. 

,  kinds  of,  506. 

,  yascular,  510. 

Tissues,  475. 
Tomentose,  65. 
Torus,  see  Thalamus. 
Transitional  forms,  87. 
Transpiration,  5^>7,  568. 
Triadelphous,  126. 
Triandrous,  124. 
Triangular,  40. 
Tribes,  439,  447. 
Trichogyne,  5iK),  593. 
Trichome,  17,  519. 
Trigonous,  40. 
Triiuerous  flowers,  91. 
Trimorphism,  036. 
Trioecious,  6^37. 
Tripinnate,  63. 
Tripinnatifid,  61. 
Tripinnatisect,  61. 
Triple-nerved,  55. 
Triquetrous,  40. 
Tristichous,  43. 
Trunk,  34. 
Tube  of  calyx,  107- 

•  of  corolla,  112. 

of  receptacle,  99. 

Tubers,  stem-,  28. 
Tuberous  roots,   17, 

527. 
Tubular,  101,  105. 
Tufted,  47. 
Tunicated  bulb,  26. 
Turbinate,  108. 
Turgescence,  609. 
Turio,  32. 


Twining,  40. 
Tyloses,  513. 
Typical  flower,  91. 

XJmbel,  79. 
l^iiibellule,  79. 
Umbilical  cord,  137. 
Undukted,  59. 
Un^s,  109. 
UniiugHte,  63. 
Unilocular  anther,  123. 

oyary,  130. 

Union,  97. 
Unisexual,  93,  112. 
Urceolate,  108. 
Utricles,  primordial,  495. 
Utriculus,  118. 

of  Carex,  117. 

I^ya,  150. 

Vacuoles,  496,  591. 

Vagina,  52. 

Vaginule  of  Mosses,  431. 

Valyate,  73,  105. 

estiyation,  105. 

Valyes  of  fruits,  142. 

Valvular  (nutural)  dehi- 
scence of  anther,  123. 

of  fruits,  142. 

Varieties,  159. 

,  names  of,  168. 

,  nature  of,  159. 

Vasa  propria,  512,  516. 

Vascular  tissue,  476,  510. 

Vasculose,  492. 

Vegetation,  physiology 
of,  542. 

— ,  regions  of,  675. 

— ,  stsitistics  of,  ()96. 

,  zones  of,  669. 

Vegetative  multiplication, 
013. 

Veins,  55. 

of  leaves,  55,  540. 

Velamen  radicum,  521. 

Venation  of  leaves,  55. 

Vernation,  72. 

Versatile  anther,  121. 

VerticiUaster,  84. 

Verticillate,  42. 

Vessels,  476. 


Vessels,  annular,  512. 

,  development  of, 

591. 

,  laticiferous,  513. 

,  moniUform,  510. 

,  reticulated,  512. 

,  Bcalariform,  512. 

,  spiral,  510. 

-,  vesicular,  513. 


Vexiilary  aestivation,  105. 
Vexillum,  111. 
Villous,  65. 
Vinegar-plant,  552. 
Viscous,  66. 
Viscum,  epidermis  of, 

521. 
Vitality  of  seeds  and 

spores,  543. 
Volatile  oils,  505,  581. 
Volva,  463. 
Volubilis,40. 
Vorblatt,51. 

Water-culture,  557. 
Wax,  excretion  of,  582. 
Whorled,  42. 
Winged,  41. 
Wings,  111. 
Wood,  515. 

of  Dicotyledons, 

515,  529. 
Wood-region,  516. 
Woody  fibre,  508. 

Xantho-protein,  500. 
Xerophiles,  661. 
Xylem,  517, 522. 

Yeast-plant,  551. 
Yew,  wood*  eel  Is  of,  490. 
Yucca,  stem  of,  527. 

Zones  of  vegetation,  668. 
Zoosporangia,  455. 
Zoospores,  438,  614. 

,  development  of, 

584. 

,  emission  of,  438. 

-,  movement  of,  552. 


Zygospore,  455, 585. 
Zygote,  459. 


THE  END. 
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